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(57) ABSTRACT

An ultrasound diagnosis apparatus that can acquire ultra-
sound image data of an excellent spatial resolution and con-
trast resolution by electrically controlling focusing points of
transmission/reception waves so as to form transmitting
beams and receiving beams having a substantially uniform
thin beam width along an elevation direction in an object.
Transmission ultrasounds emitted from a prescribed number
of transducers are focused at a hypothetical point sound
source. Transmitting wave-fronts propagated from the point
sound source reflect at a plurality of observing points in the
propagation area. Reception ultrasounds reflected at the
observing points are received through a prescribed number of
receiving transducers so as to generate a plurality of channels
of receiving signals. The receiving signals are focused by
performing receiving phase compensation and summation so
that the observing point becomes a reception focusing point.
The phase compensated and summed receiving signals are
focused by performing wave-front phase compensation and
summation in order to correct transmitting delays due to the
propagation distances between the transmitting focusing
point and the observing points.
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ULTRASOUND DIAGNOSIS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from, and the ben-
efit of, Japanese Patent Application No. 2008-93812, filed on
Mar. 30, 2008, the contents of which are expressly incorpo-
rated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasound diag-
nosis apparatus capable of generating ultrasound images of a
high spatial resolution and a high contrast resolution, and
more particularly, to an ultrasound diagnosis apparatus
capable of transmitting and receiving transmission beams and
reception beams, each having substantially uniform thin
beam width along an elevation direction, from and to ultra-
sound transducers.

[0004] 2. Description of the Related Art

[0005] An ultrasound diagnosis system transmits ultra-
sound pulses from ultrasound transducers (hereinafter “trans-
ducers”) installed in a head portion of the ultrasound probe to
an object, such as a patient. The transducers receive reflected
(echo) ultrasounds that are generated in accordance with dif-
ferences of acoustic impedances of organs in the object in
order to display the organ images on a monitor. Since an
ultrasound image diagnosis apparatus can easily obtain and
display a two dimensional image or a three dimensional
image of B mode data or color Doppler data in real time by
simply touching an ultrasound probe to a patient’s body sur-
face, itis widely used as an apparatus for diagnosing the status
of a target organ in a patient’s body.

[0006] A recent ultrasound diagnosis apparatus can elec-
tronically control ultrasound transmission/reception direc-
tions and focusing points of the transmission/reception waves
in order to improve a spatial resolution and a high contrast
resolution of image data. Doing so, the ultrasound transmis-
sion beams are focused by controlling delay times for the
respective transmitting drive signals supplied to each of a
plurality of transducers in an array, and the ultrasound recep-
tion (echo) signals acquired through a plurality of transducers
are also focused by giving the respective delay times to each
ofthe echo signals with performing receiving phase compen-
sation for focusing and summation (hereinafter, simply
referred to as “phase compensation and summation” or
“phase compensation/summation”).

[0007] When a plurality of receiving signals acquired
through the plurality of reception transducers are focused by
performing the phase compensation and summation to each
ofthe receiving signals, the respective reception timing of the
echo signals reflected in the object are depended on an eleva-
tion (depth) distance from the transducer surfaces to the
reflection body. Consequently, a particular method has been
developed to form the focused reception beams along a depth
(elevation) direction in the object by successively renewing
the delay time that is applied to the reception signals acquired
in time series through a plurality of reception transducers
(hereinafter, “dynamic focusing method ).

[0008] When a plurality of transmission beams are focused
by controlling each delay time for the transmission driving
signals, the transmitting ultrasounds emitted from each of the
plurality of transducers propagate into the object to a pre-
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scribed transmission focusing point based on transmission
wave-fronts determined by the delay times for the driving
signals. FIG. 6A illustrates a focusing status of the transmis-
sion beams by controlling the delay times for transmission
driving signals. Thus, the focusing area of the transmission
beams is limited on and around a transmission focusing dis-
tance (20 mm point in FIG. 6A). However, the transmission
beams apart from the focusing point have wide beam widths
along an azimuth direction at the shallower area (10 mm point
in FIG. 6 A) or the deeper area (30 mm point in FIG. 6 A) than
the focusing area along elevation direction.

[0009] The spatial resolution and the contrast resolution of
ultrasound images data are highly dependent on the transmit-
ting beam width and the receiving beam width. Consequently,
when the transmitting beam widths are substantially different
at the depths, remarkable differences occur between the qual-
ity of the image data generated around the area of the trans-
mission focusing point and the quality of the image data
generated at the distances apart from the transmission focus-
ing point.

[0010] Typically, when a strong beam focusing is executed
by using a transducers group having a large width used for a
transmission (i.e. a large transmission aperture), a conspicu-
ous deterioration of image data quality occurs at the areas
apart from the transmission focusing point. On the contrary,
when a weak beam focusing is executed by using a small
transmission aperture, it becomes impossible to narrow a
beam width for a transmission focusing area. A signal to noise
ratio (S/N) of image data also deteriorates in company with a
reduction of the transmission power.

[0011] To measure these problems, Japanese patent appli-
cation publication 2007-323029 has proposed an improved
method for generating image data of a good quality by setting
a plurality of transmission focusing points along an elevation
direction for repeated ultrasound transmissions/receptions
along with successively renewing the transmission focusing
point in order to extract the reception signals that are acquired
from each of the transmission focusing points and the vicinity
areas only. Hereinafter, this method is referred as a “multi-
stages focusing method”.

[0012] However, the multi-stages focusing method needs to
repeat ultrasound transmissions many times to the different
transmission focusing points in the same direction in order to
form transmission beams having a substantially uniform thin
beam width along an elevation direction. Accordingly, the
proposed multi-stages focusing method has a problem in that
a time resolution (frame rate) for acquiring the image data is
remarkably deteriorated. Further, the proposed multi-stages
focusing method has another problem in that the transmission
energy emitted into the object can not be effectively used
since the receiving signals are acquired at areas other than the
transmission focusing area.

SUMMARY OF THE INVENTION

[0013] To solve the above-mentioned conventional prob-
lems and defects, the present invention provides a new ultra-
sound diagnosis apparatus that can acquire ultrasound image
data of an excellent spatial resolution and contrast resolution
by electrically controlling focusing points of transmission/
reception waves so as to form transmitting beams and receiv-
ing beams having a substantially uniform thin beam width
along an elevation direction in an object.

[0014] In the ultrasound diagnosis apparatus consistent
with the present invention, transmission ultrasounds emitted
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from a prescribed number of transducers are focused at a
hypothetical point sound source. Transmitting wave-fronts
propagated from the point sound source reflect at a plurality
of observing points in the propagation area. Reception ultra-
sounds reflected at the observing points are received through
aprescribed number of receiving transducers so as to generate
a plurality of channels of receiving signals. The receiving
signals are focused by performing receiving phase compen-
sation and summation so that the observing point becomes a
reception focusing point. The phase compensated and
summed receiving signals are focused by performing wave-
front phase compensation and summation in order to correct
transmitting delays due to the propagation distances between
the transmitting focusing point and the observing points.

[0015] One aspect of the ultrasound diagnosis system con-
sistent with the present invention is an ultrasound diagnosis
apparatus configured to generate image data based on recep-
tion signals acquired through an ultrasound transmission/
reception to and from an object, the ultrasound diagnosis
apparatus comprising;

[0016] anultrasound probe including a pair of a plurality of
transmitting transducer groups and a receiving transducer
group, each group including a plurality of transducers;

[0017] a transmission unit configured to drive each of the
plurality of transmitting transducer groups in order to emit
focusing wave-fronts or propagation wave-fronts so as to
form a hypothetical point sound source for the object;

[0018] a receiving phases compensation/summation unit
configured to perform receiving phases compensation for
focusing and summation of a plurality of channels of receiv-
ing signals acquired through the receiving transducer group
based on reflected ultrasounds from observing points in the
object;

[0019] a transmitting phases compensation/summation
unit configured to perform phases compensation and summa-
tion for a plurality of channels of receiving signals that are
acquired through ultrasound transmissions/receptions by the
receiving transducer group and the plurality of transmitting
transducer groups that successively renew the point sound
source;

[0020] ascanning control unit configured to perform ultra-
sound scans to the object by controlling directions for the
ultrasound transmissions/receptions; and

[0021] an image processing unit to generate ultrasound
image data based on the phases compensated and summed
receiving signals acquired through the ultrasound scans.

[0022] Another aspect of the ultrasound diagnosis appara-
tus consistent with the present invention is an ultrasound
diagnosis apparatus configured to generate image data based
on reception signals acquired through ultrasound transmis-
sions and receptions, the ultrasound diagnosis apparatus is
comprising;

[0023] anultrasound probe including a pair of a plurality of
transmitting transducer groups and a receiving transducer
group, each group including a plurality of transducers;
[0024] a transmission unit configured to drive each of the
plurality of transmitting transducer groups in order to emit
focusing wave-fronts or propagation wave-fronts so as to
form a hypothetical point sound source for the object;
[0025] a receiving phases compensation/summation unit
configured to perform receiving phases compensation for
focusing and summation of a plurality of channels of receiv-
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ing signals acquired through the receiving transducer groups
for successively renewing the position of the point sound
source;

[0026] a scanning control unit configured to perform ultra-
sound scans of the object by controlling directions for the
ultrasound transmissions/receptions; and

[0027] an image processing unit configured to generate
ultrasound image data based on the phases compensated and
summed receiving signals acquired through the ultrasound
scans.

[0028] In the ultrasound diagnosis apparatus consistent
with the present invention, transmission ultrasounds emitted
from a plurality of transmitting transducers are focused at a
hypothetical point sound source, and reflect at the observing
point positioned in transmission wave-fronts propagated
from the hypothetical point sound source. The reflected ultra-
sounds are received through a plurality of receiving transduc-
ers. The acquired receiving signals through the plurality of
receiving transducers have performed receiving phase com-
pensation for focusing and summation and have further per-
formed transmitting wave-front compensation and summa-
tion. By doing so, it becomes possible to generate
transmission beams and reception beams that have substan-
tially vniform thin width along an elevation direction to an
object with high accuracy and high sensitivity. By succes-
sively renewing the hypothetical point sound source, it
becomes possible to utilize echo signals reflected from the
observing points in the transmitting wave-front area to the
maximum extent possible. Further, it becomes possible to
generate and display excellent image data of high spatial
resolution and high contrast resolution in a high signal to
noise (S/N) ratio without reducing time resolution (frame
rate) of the image data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are incorpo-
rated in and constitute part of this specification, illustrate
various embodiments and/or features of the present invention,
and together with the description, serve to explain embodi-
ments of the present invention. Where possible, the same
reference number will be used throughout the drawings to
describe the same or like parts. In the drawings:

[0030] FIG. 1 is a block diagram illustrating an ultrasound
diagnosis apparatus in accordance with a preferred embodi-
ment of the present invention.

[0031] FIG. 2 illustrates a receiving method according to
the embodiment when propagating directions of a transmit-
ting wave-front is reflected at an observing point that is
located at a deeper position than a hypothetical transmission
focus point.

[0032] FIG. 3 illustrates a receiving method according to
the embodiment when propagating directions of a transmit-
ting wave-front is reflected at an observing point that is
located at a shallow position than a hypothetical transmission
focus point.

[0033] FIG. 4 illustrates receiving phase compensation for
focusing and summation of receiving signals in the preferred
embodiment shown in FIG. 1.

[0034] FIG. 5 illustrates transmitting wave-front phase
compensation and summation performed in the transmitting
wave-front delays correction unit shown in FIG. 1.

[0035] FIG. 6A illustrates focusing areas of transmitting
ultrasounds along a depth direction according to background
art.
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[0036] FIG. 6B illustrates transmission intensity of sound
pressure (transmitting acoustic field) formed by the transmit-
ting ultrasounds focus at the transmitting focus distances
along elevation direction shown in FIG. 6A.

[0037] FIG. 7A illustrates focusing areas of transmitting
ultrasounds along a depth direction according to the present
invention.

[0038] FIG. 7B illustrates transmission intensity of sound
pressure (transmitting acoustic field) formed by the transmit-
ting ultrasounds focus at the transmitting focus distances
along elevation direction shown in FIG. 7A.

[0039] FIG. § illustrates wave-fronts of transmitting ultra-
sound emitted from a transmitting transducers group in a
modification of the embodiment shown in FIG. 2.

[0040] FIG. 9 illustrates receiving phase compensation for
focusing and summation and transmitting wave-front phase
compensation and summation in the modification of the
embodiment shown in FIG. 8.

[0041] FIG.10isablock diagram illustrating an ultrasound
diagnosis apparatus in accordance with another embodiment
of the present invention.

[0042] FIG. 11 illustrates receiving phase compensation
for focusing and summation and transmitting wave-front
phase compensation and summation in a sector scan type
ultrasound diagnosis apparatus consistent with the present
invention.

[0043] FIG. 12 illustrates receiving phase compensation
for focusing and summation and transmitting wave-front
phase compensation and summation in a simultaneously par-
allel receiving type ultrasound diagnosis apparatus consistent
with the present invention.

DESCRIPTION OF THE EMBODIMENTS

[0044] The preferred embodiments of an ultrasound diag-
nosis apparatus consistent with the present invention, a plu-
rality of hypothetical point sound sources is formed at
optional position by focusing transmission ultrasounds emit-
ted from a plurality of transducers at a prescribed transmis-
sion converging point. Based on the transmitting ultrasound
wave-fronts emitted from the hypothetical point sound
source, echo ultrasounds reflected at an optionally designated
observing point are received through a plurality of transduc-
ers constructing a receiving transducer group. The acquired
receiving signals of a plurality of channels have performed
receiving phase compensation for focusing and summation so
as that each of the observing points becomes a receiving
focusing point. Further, a plurality of receiving signals
acquired by successively shifting a pair of the plurality of the
receiving transducer groups and the transmitting transducer
group along an arrangement direction of the plurality of trans-
ducers have also performed the same receiving phases com-
pensation for focusing and summation. The phase compen-
sated and summed receiving signals have performed
transmitting wave-front compensation and summation for
correcting relative transmitting delays due to propagation
differences from the transmitting focus points to the observ-
ing point. By doing so, it becomes possible to generate trans-
mission beams and reception beams that have a substantially
uniform thin width along an elevation direction of an objectin
high accuracy and high sensitivity. Further, it becomes pos-
sible to effectively use echo signals reflected in the transmit-
ting wave-front from the hypothetical point sound source to
the maximum extent possible. Thus, it becomes possible to
generate and display excellent image data of high spatial
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resolution and high contrast resolution in a high signal to
noise (S/N) ratio without reducing time resolution (frame
rate) of the image data.

[0045] With reference to FIGS. 1-5, one embodiment of a
linear scan type ultrasound diagnosis apparatus consistent
with the present invention is explained. Thus, as shown in
FIG. 2, an ultrasound probe in this embodiment includes a
plurality (Mo) of transducers linearly arranged. Of course, the
present invention is applicable to a sector scan type ultra-
sound diagnosis apparatus and a convex scan type ultrasound
diagnosis apparatus.

[0046] In FIG. 1, an ultrasound diagnosis system 100 is
comprised of an ultrasound probe 4 including a plurality (Mo)
of transducers in a head portion, a transducers selection unit 3
for selecting a plurality (Mt) of ultrasounds transmitting
transducers and a plurality (Mr) of receiving reflected ultra-
sounds, a transmission unit 2 for supplying transmission driv-
ing signals to the transducers selection unit 3, a reception unit
5 for receiving reflected ultrasounds through the plurality of
transducers selected by the transducers selection unit 3 and a
transmitting wave-front phase compensation and summation
unit 6. As illustrated in FIG. 1, the ultrasound diagnosis
apparatus 100 further includes an image signal generating
unit 7, an image data generating unit 8, a display unit 9, an
input unit 10, a scan control unit 11, a phasing control unit 12
and a system control unit 13.

[0047] The linear scan type ultrasound probe 4 includes a
plurality (M) of linearly arrayed transducers provided on a tip
portion of the probe. Ultrasound transmissions and receptions
are performed by touching the tip portion to a body surface of
an object. Often, a gel is used as an intermediary between the
body surface and probe surface. The transducers convert drive
signals to transmission ultrasound and echo ultrasound wave
to reception signals. Each of the plurality of transducers is
coupled to the transducers selection unit 3 through a cable
carrying a plurality (M0) of channels. The scan control unit 11
is connected to the transducer selection unit 3 in order to
control ultrasound scans onto the object by selecting trans-
ducers for using the ultrasound transmissions and receptions.

[0048] The transducers selection unit 3 selects a transmit-
ting transducer group TG1 of a plurality (Mt) of transducers
and a receiving transducer group RG1 of a plurality (Mr) of
transducers among the plurality (Mo) of transducers arrayed
in the ultrasound probe 4. For better understanding, in the
embodiments, the relationship among these numbers is pre-
ferred such that Mo>Mr>Mt. Of course, it is also possible to
set the number Mt of transmitting transducer group TG1 to be
larger than the number Mr of the receiving transducer group
RG1. The selected transducer groups TG1 and RG1 are
respectively connected to the transmission unit 2 and the
reception unit 5.

[0049] As illustrated in FIG. 2, the transmitting transducer
group TG1 including a number Mt of adjoined transducers
selected by the transducers selection unit 3 transmits ultra-
sound pulses (transmitting ultrasounds). The transmitting
ultrasound pulses are controlled so as to focus at a prescribed
distance Ft along a depth (elevation) direction in the object.
Ultrasound echo signals reflected at an observing point in the
object that are located in an ultrasound transmitting wave-
front area are received through the receiving transducer group
RG1 including a number Mr of adjoining transducers selected
by the transducers selection unit 3. The received signals are
converted to electrical signals.
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[0050] The transmission unit 2 includes a wave-front func-
tion generating unit 21 and a drive signal generating unit 22.
The wave-front function generating unit 21 generates a trans-
mission wave-front function for focusing transmission ultra-
sounds at an initially designated transmitting focus distance
Ftthrough the input unit 10. Based on the transmission wave-
front function, driving delay times for the respective trans-
ducers in the transmitting transducer group TG1 are deter-
mined. Each of the driving delay times is determined by the
number of the transmission transducers, an array distance
between the adjoining transducers and the transmitting focus
distance. For instance, the driving delay time is calculated by
an arithmetic circuit. It is also possible to store a preliminarily
calculated driving delay time in a look-up table.

[0051] The drive signal generating unit 22 generates drive
signals of Mt channels. Each of drive signals has a driving
delay time, a prescribed amplitude and a wave form that are
supplied from the wave-front function generating unit 21. The
generated drive signals of Mt channels are supplied to the
transmitting transducer group TG1 selected by the transduc-
ers selection unit 3. Thus, based on the signals supplied from
the wave-front function generating unit 21, the drive signals
of Mt channels are supplied to each of the transducers in the
transmitting transducer group TG1 from the drive signal gen-
erating unit 22 so as to emit transmitting ultrasounds to the
object and are focused at a prescribed elevation distance Ftin
the object.

[0052] The reception unit 5 includes a pre-processing unit
51, an A/D converter 52 and a receiving phase compensation
for focusing and summation (hereinafter, “receiving phase
compensation/summation”) unit 53. The pre-processing unit
51 includes an amplifier for keeping a sufficient S/N ratio by
amplifying transducer group RG1 through the transducers
selection unit 3 and a filter circuit for limiting band-pass to the
receiving signals outputted from the amplifier in order to
prevent alien noises from occurring during sampling opera-
tions of the A/D converter 52. If necessary, a limiter circuit
may be provided to an input terminal of the amplifier in order
to protect from a drive signal of a high voltage generated in
the drive signal generating unit 22 in the transmission unit 2.
[0053] Thereceiving signals of Mr channel processed in the
pre-processing unit 51 are converted to the digital signals in
the A/D converter unit 52 and supplied to the receiving phase
compensation/summation unit 53. The receiving phase com-
pensation/summation unit 53 includes a receiving delay cor-
rection circuit and an accumulator.

[0054] The receiving delay correction circuit in the receiv-
ing phase compensation/summation unit 53 supplies delay
times to the reception signals of Mr channels outputted from
the A/D converter 52 for focusing the receiving ultrasounds
reflected at an observing point Px based on the delay time data
supplied from the phase compensation and summation con-
trol unit 12. Thus, the receiving delay correction circuit gives
delay times for correcting the reception delays occurring due
1o the differences of propagated distances from the observing
point Px to each of the transducers in the receiving transduc-
ers group.

[0055] The accumulator in the receiving phase compensa-
tion/summation unit 53 adds and compounds the receiving
signals supplied from the receiving delay correction circuit.
Consequently, the receiving signals of Mr channel are
arranged in phase for focusing and summed through the
reception delay correction circuit and the accumulator. The
phase compensated and summed receiving signals of Mr
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channel are supplied to the transmitting wave-front compen-
sation and summation unit 6 and stored in a receiving signals
memory circuit 61 in the transmitting wave-front compensa-
tion and summation unit 6.

[0056] In the embodiment consistent with the present
invention, the transducer selection unit 3 select a plurality
(Mx) of transmitting transducer groups TG1, TG2, --, TGx
corresponded to one receiving transducer group RG1 in order
to form a substantially uniform thin beam width of transmis-
sion beams and reception beams along a depth (elevation)
direction. By successively shifting the pair of transmitting
transducer groups and the receiving transducer group, the
receiving transducer group RG1 converts each of reflected
ultrasounds corresponded to each of the plurality of transmit-
ting transducer groups into the receiving signals of Mx chan-
nels. The receiving signals of Mx channels have performed
receiving phase compensation for focusing and summation.
After that the phase compensated and summed receiving
signals have performed transmitting wave-front compensa-
tion and summation in the transmitting wave-front compen-
sation and summation unit 6.

[0057] The image signal generating unit 7 generates
B-mode image signals by processing the receiving signals
that have performed transmitting wave-front compensation
and summation in the transmitting wave-front compensation
and summation 6. The image signal generating unit 7 includes
an envelope detector 71 and a logarithmic converter 72. The
envelope detector 71 detects an envelope of receiving signals
supplied from the adder 63 in the transmitting wave-front
compensation and summation unit 6. The logarithmic con-
verter 72 generates B mode data in which a small signal
amplitude is relatively emphasized by performing logarith-
mic conversion of the calculated envelope. The generated B
mode data is supplied to the image data processing unit 8. It is
possible to construct the image signal generating unit by
replacing an order of the envelope detector 71 and the loga-
rithmic converter 72.

[0058] The image processing unit 8§ generates B mode
image data based on a plurality of image signals acquired
through ultrasound scans with renewing transmission/recep-
tion directions by shifting the pair of the plurality (Mx) of
transmitting transducer groups and the receiving transducer
group along an arrayed direction of the transducers. The
image processing unit 8 includes an image data memory unit
81 and an operation processing unit 82. The image data
memory unit 81 successively stores image data supplied from
the logarithmic converter 72 in the image data generation unit
7 corresponding to each position data of the observing point
Px. The operation processing unit 82 reads 2-D (dimensional)
image data stored in the image data memory unit 81 and
generates B mode image data by performing an interpolation
process and a filtering process, if necessary.

[0059] The display unit 9 includes an image data generator
91 and a monitor 92. The image data generator 91 converts the
image data generated in the image data generating unit 8 into
a prescribed displaying format and generates display data
with attaching affixing data, such as an object data or condi-
tions for generating image data. The generated display datais
displayed on the monitor 92 after performing a digital-to-
analog conversion, for example.

[0060] Theinput unit 10 includes a display panel and input
devices on an operation panel. As the input devices, such as a
keyboard, truck-ball, mouse, selection buttons or input but-
tons may be used. Further the input unit 10 includes a focus
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distance setting unit for setting a transmission focusing dis-
tance Dfbetween the surface of the ultrasound probe 4 and the
transmission converging point Ft and a transducers number
setting unit for setting the number (Mt) of the transmission
transducers and the number (Mr) of the reception transducers.
Further, various setting operations, such as input of the object
data, setting of image data generating conditions and image
data displaying conditions and input of various commands,
are performed through the display panel and the input
devices.

[0061] The scan control unit 11 controls ultrasound scans
over the object by controlling the transducers selection unit 3
so that the transmitting transducers group and the receiving
transducers group for using the ultrasound transmission/re-
ception are selected from among the plurality (M0) of trans-
ducers arrayed in the azimuth direction. The scan control unit
11 is connected to transducers selection unit 3 for controlling
the ultrasound scans onto an object by selecting transducers
for using the respective ultrasound transmissions and recep-
tions.

[0062] The phase compensation and summation unit 12
controls the receiving phase compensation for focusing and
summation in the reception unit 2, and the transmitting wave-
front delay correction unit 62 in the transmitting wave-front
compensation and summation unit 6.

[0063] The system control unit 13 totally controls above-
mentioned units in the ultrasound diagnosis apparatus 100.
[0064] FIGS. 2 and 3 illustrate wave-fronts of transmission
ultrasounds emitted from the transmitting transducer group
TG1 based on the drive signals supplied from the drive signal
generation unit 22. As illustrated in FIG. 2, the transmission
ultrasounds are emitted to a transmission focusing point Ft
located at a distance Df from a transmitting surface of a
central transducer Tr, in the transmitting transducer group
TG1 in the elevation direction y,. Thus, a hypothetical point
sound source is formed at the transmitting focusing point Ft
by selectively driving a plurality Mt of transmitting transduc-
ers in the transmitting transducer group TG1. And transmit-
ting wave-front Wt is propagated from the hypothetical point
sound source. According to the present invention, ultrasound
echo signals reflected from the transmitting wave-front area
are effectively used.

[0065] As illustrated in FIG. 2, when an observing point Px
corresponded to a pixel of the image data generated in the
image processing unit 8 located at a deeper position than the
transmission focusing point Ft and separated from the eleva-
tion line ypassing through the transmission focusing point Ft
in the azimuth direction, the transmitting ultrasound waves
(Wt) emitted from the hypothetical point sound source Ft
propagate to the observing point Px with spreading a distance
Dx. A portion of the spread transmitting ultrasound wave-
fronts are reflected at the observing point Px and are received
by a plurality (Mr) of the receiving transducer group RG1 in
the ultrasound probe 4. Accordingly, the receiving phase
compensation for focusing and summation and the transmit-
ting wave-front compensation and summation are performed
based on the propagated distance Dx from the hypothetical
point sound source Ft to the observing point Px, and also each
of propagated distances from the observing point Px to each
of the transducers in the plurality of receiving transducer
group RG1. The details are explained later.

[0066] On the other hand, as illustrated in FIG. 3, if the
observing point Px is located at a shallower position than the
transmission focusing point Ft, it can assume that the trans-
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mitting wave-front emitted from the transmitting transducer
group TG1 and focused at the transmission focusing point Ft
a distance Df in the elevation direction y, propagates an
opposite (negative) direction from the hypothetical point
sound source Ft to the observing point Px by a negative
propagation distance (-Dx). Accordingly, the receiving phase
compensation for focusing and summation and the transmit-
ting wave-front compensation and summation are performed
based on the negative propagated distance -Dx from the
hypothetical point sound source Ft to the observing point Px,
and also each of propagated distances from the observing
point Px to each of the transducers in the plurality of receiving
transducer group RG1.

[0067] During reception time of the reflected ultrasounds, it
becomes possible to form receiving beams focused at a plu-
rality of observation points in a wide range along a depth
direction by successively renewing the delay times based on
the control signals supplied from the phase compensation and
summation control unit 12 in order to move the receiving
focus point from a deeper position to a shallower position
along elevation direction.

[0068] As explained above, the transmitting wave-front
compensation and summation unit 6 in the ultrasound diag-
nosis apparatus 100 consistent with the present invention
includes a receiving signal memory unit 61, a transmitting
wave-front delay correction unit 62 and an accumulation unit
63. The receiving signal memory unit 61 stores the phase
compensated and summed receiving signals of Mx channels
acquired through the ultrasound transmissions and receptions
between each of the selected plurality Mx of transmitting
transducer groups TG1, TG2, ---, TGx and the selected
receiving transducer group RG1 by successively shifting
along the arrayed direction of the transducers.

[0069] The transmitting wave-front delay correction unit
62 reads the Mx channels in-phase added reception signals
stored in the receiving signals memory unit 61. Further, based
on the delay time data supplied from the phase compensation
and summation control unit 12, the transmitting wave-front
delay correction unit 62 gives delay times to the receiving
signals in order to correct relative transmission delays occur-
ring due to differences of the propagation distances from each
of the Mx transmission focusing points constructed by each
of the transmitting transducer groups TG1, TG2, ---, TGx to
the observing point Px designated in correspondence with a
pixel of image data.

[0070] The accumulation unit 63 compounds the phase
delays corrected receiving signals in the transmission delay
correction unit 62 by summation. Thus, the phase compen-
sated and summed receiving signals of Mx channels acquired
with shifting the transmitting focus point Ft along an array
direction of the transducers have performed transmitting
wave-front compensation and summation through the trans-
mission delay correction unit 62 and the accumulation 63. To
reduce side lobes of the transmission beams generated by the
transmitting wave-front compensation and summation, it is
possible to perform the summation in the accumulation 63
with performing a prescribed apodization to the phase com-
pensated and summed receiving signals supplied from the
transmission delay correction unit 62.

[0071] The phase compensation and summation control
unit 12 calculates each propagation distance from the observ-
ing point Px to each of the plurality Mr of receiving transduc-
ers in the receiving transducer group RG1 based on the selec-
tion data for the receiving transducer group supplied from the
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scan control unit 11. Further, the phase compensation and
summation control unit 12 calculates propagation distances
from each of the plurality Mx of transmitting focus points Ft
10 the observing point Px based on the selection data for the
transmitting transducer group supplied from the scan control
unit 11 and the distance Df data of the transmission focusing
point supplied the input unit 10 through the system control
unit 13. The phase compensation and summation control unit
12 also sets each delay time for performing the transmitting
wave-front compensation and summation in order to correct
the relative transmitting wave-front delays occurring due to
each of the propagation distances and sets a number of the
phase compensated and summed receiving signals for sup-
plying to the transmitting wave-front compensation and sum-
mation unit 6 based on the position data of the transmitting
focus point Ft and the observing point Px.

[0072] Then, the phase compensation and summation con-
trol unit 12 supplies delay time data for performing thereceiv-
ing phase compensation and summation to the receiving
phase compensation for focusing and summation unit 53 in
the reception unit 5. Further, the phase compensation and
summation control unit 12 supplies delay time data for per-
forming the transmitting wave-front phase compensation and
summation and the number data of the receiving signals to the
transmitting wave-front delay correction unit 62 in the trans-
mitting wave-front phase compensation and summation unit
6. By supplying these data, the phase compensation and sum-
mation control unit 12 controls the receiving phase compen-
sation for focusing and summation and the transmitting wave-
front phase compensation and summation for the receiving
signals acquired from the observing point Px through the
plurality Mx of transmitting transducer groups TG1~TGx
and the receiving transducer group RG1.

[0073] The system control unit 13 includes a central pro-
cessing unit (CPU) and a memory circuit (not shown). The
memory circuit stores various data being inputted and set
through the input unit 10. The CPU in the system control unit
13 totally controls each of units in the ultrasound diagnosis
apparatus 100 based on the input data or the set data in the
memory circuit. By performing the receiving phase compen-
sation and summation and the transmitting wave-front com-
pensation and summation to the plurality channels of receiv-
ing signals acquired through the receiving transducer group,
it becomes possible to generate and display image data of
high spatial resolution, a high contrast resolution and a good
signal-to-noise (S/N) ratio. The system control unit 13
includes a position setting function of the observing point Px
in the object. For instance, the system control unit 13 sets the
observing point Px at the position in the object corresponded
to each pixel of the image data generated by the image data
generation unit 8.

[0074] Withreference to FIGS. 4 and 5, the receiving phase
compensation and summation being performed by the receiv-
ing phase compensation for focusing and summation unit 53
in the reception unit 5 and the transmitting wave-front com-
pensation and summation being performed by the transmit-
ting wave-front compensation and summation unit 6 are
explained. For easy understanding, it is supposed that the
number Mt of a plurality transducers in one transmitting
transducer group TG is 3, the number Mr of a plurality of
transducers in one receiving transducer group RGis 5 and the
number Mx of a plurality of transmitting transducer groups
TGx is 3. In an actual case, the ultrasound transmissions/
receptions are performed by using several tens to several
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hundreds of transducers as one transmitting transducer group
and one receiving transducer group.

[0075] InFIGS. 4 and 5, it is supposed that the receiving
phase compensation/summation and the transmitting wave-
front compensation/summation are performed when the
observing point Px is located at a deeper position than the
transmitting focus point Ft. Of course, it is also possible to
perform the receiving phase compensation/summation and
the transmitting wave-front compensation/summation when
the observing point Px is located at a shallower position than
the transmitting focus point Ft by utilizing the negative propa-
gation distance as explained in FIG. 3.

[0076] FIG. 4illustrates the receiving phase compensation/
summation during the ultrasound transmission/reception per-
formed by using a first transmitting transducer group TG1
comprised of the transducers E1 to E3 and a receiving trans-
ducer group RG1 comprised of the transducers E1 to ES.
Based on a transmitting wave-front function generated by the
wave-front function generating unit 21 in the transmission
unit 2, transmission ultrasounds are emitted through the plu-
rality of transducers E1-E3 and are focused at the transmitting
focus point Ft. After focusing, transmission ultrasounds are
again dispersed as a wave-front Wtl. Thus, a hypothetical
point sound source is constructed at the transmitting focus
point Ft1. Further, the wave-front Wtl of transmitting ultra-
sounds is emitted from the hypothetical point sound source
into the object.

[0077] The wave-front Wtl of transmitting ultrasounds
emitted from the transmitting focus point Ft1 are reflected, for
instance, at the observing point Px that corresponds to a pixel
of image data on an elevation line y3 for a transducer E3 and
receiving ultrasound wave-fronts Wr are generated from the
hypothetical point sound source. The receiving wave-fronts
Wr are received through the transducers E1 to E5 in the
receiving transducer group RG1. At this time, the 5-channel
reception signals acquired though the transducers E1 to ES
have relative reception delays due to differences of the
respective propagation distance from the observing point Px
to the respective surfaces of the transducers E1 to E5.

[0078] To the 5-channel reception signals acquired from
the observing point Px though the transducers E1 to E5, the
receiving phase compensation/summation unit 53 in the
reception unit 5 (FIG. 1) executes the summation with adding
delay times for arranging phases of the reception signals.
Thus, the receiving phase compensation for focusing and
summation is performed. By performing this receiving phase
compensation/summation, a reception focus point is formed
at the observing point Px. Accordingly, it becomes possible to
selectively receive reception ultrasounds from the observing
point Px.

[0079] Similarly, by controlling the delay times based on
theabove-mentioned dynamic focusing method, a plurality of
reception focus points to a plurality of observing points
located at designated positions along a depth (elevation)
direction is formed at the substantially same time. The recep-
tion ultrasounds reflected from these observing points also
can be selectively received for performing the receiving phase
compensation and summation in the receiving phase compen-
sation/summation unit 53. The phase compensated/summed
reception signals are stored in the reception signals memory
unit 61 in the transmitting wave-front compensation/summa-
tion unit 6 with attaching position data of the transmitting
focus point Ft1 as an affix data.
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[0080] With reference to FIG. 5, the transmitting wave-
front compensation and summation for the ultrasound trans-
mission/reception by using three transmitting transducer
groups and one receiving transducer group is explained.
Thus, ultrasounds emitted from a first selected transmitting
transducer group TG1 comprised of the transducers E1 to E3
are focused at the first transmitting focus point Ft1. Ultra-
sounds emitted from a second selected transmitting trans-
ducer group TG2 comprised of the transducers E2 to E4 are
focused at the first transmitting focus point Ft2. Further, ultra-
sounds emitted from a third selected transmitting transducer
group TG3 comprised of the transducers E3 to ES are focused
at the first transmitting focus point Ft3. These hypothetical
point sound sources Ft1-Ft3 emit transmission ultrasounds
and a receiving wave-front Wr of echo signals reflected at an
observing point Px that locates on an elevation line y3 is
received through the receiving transducer group RG1 com-
prised of the transducers E1 to E5.

[0081] First reception signals are received through the
receiving transducer group RG1 by using a first ultrasound
transmitting wave-front Wtl from the first transmitting trans-
ducer group TG1 and echo ultrasound wave-front Wr
reflected at the observing point Px. The first reception signals
are performed the receiving phase compensation and summa-
tion and stored in the reception signals memory unit 61 in the
transmitting wave-front compensation and summation unit 6.
Second reception signals are received through the receiving
transducer group RG1 by using a second ultrasound transmit-
ting wave-front Wt2 from the second transmitting transducer
group TG2 and echo ultrasound wave-front Wr reflected at
the observing point Px. The second reception signals are
performed the receiving phase compensation and summation
and stored in the reception signals memory unit 61. By suc-
cessively doing similar performance, the third reception sig-
nals acquired through the receiving transducer group RG1 by
using the third transmitting wave-front Wt3 and the receiving
wave-front Wr are performed the receiving phase compensa-
tion and summation and stored in the reception signals
memory unit 61.

[0082] These second and third reception signals also are
stored in the reception signals memory unit 61 with respec-
tively affixing position data of the transmission focusing
points Ft2 and Ft3 that are formed by the second and third
transmitting transducers groups TG2 and TG3, respectively.
Usually, the second and third ultrasound receiving wave-
fronts Wr2 and Wr3 are designated so as to form the substan-
tially same.

[0083] Usually, the wave-front function generating unit 21
designates such that the wave-front Wr2 of the transmission
ultrasound and the wave-front Wr3 of the transmission ultra-
sound are substantially the same shape to the shape of the first
ultrasound transmitting wave-front Wtl. The transmission
focusing points Ft1 to Ft3 formed by the transmission ultra-
sounds having these wave-fronts are arranged so that it may
become the abbreviation equal distance from transducers
array surface. However, such a positioning is not limited.

[0084] Then, the transmitting delay correction unit 62 and
the summation unit 63 in the transmitting wave-front com-
pensation and summation unit 6 perform the transmitting
wave-front compensation and summation to each of the first
to third reception signals that are stored in the reception
signals memory unit 61 after performing the receiving phase
compensation for focusing and summation.
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[0085] Inthiscase, The first to third reception signals stored
in the reception signals memory unit 61 have relative trans-
mission delays due to the differences of propagation distances
from each of the transmission focusing points Ft1-Ft3 to the
observing point Px as illustrated in FIG. 5.

[0086] In order to correct these transmission delays, the
transmission delay correction unit 62 gives each correction
delay time to each of the first to third reception signals. The
summation unit 63 accumulates the first to third reception
signals that are corrected the transmission delays (hereinafter,
“transmitting wave-front compensation and summation”).
By performing the transmitting wave-front compensation and
summation, it can obtain the same effect so as that the trans-
mission ultrasounds simultaneously emitted the hypothetical
point sound source at the transmission focusing points Ftl to
Ft3 are converged in the observing point Px.

[0087] Typically, the number of the phase compensated and
summed reception signals for using the transmitting wave-
front compensation and summation at the observing point Px
is decided by the phase compensation and summation control
unit 12 based on the position data of the transmission focusing
point Ft and the position data of the observing point Px. For
instance, in FIG. 4, if the observing point Px is not included in
the emission area of the transmission ultrasounds that is emit-
ted from the hypothetical point sound source (the transmis-
sion focusing point Ftl), the first reception signals acquired
through the receiving transducers group RG1 does not con-
tribute to transmitting wave-front compensation and summa-
tion of the observing point, but also it becomes a factor to
increase the noise components. Consequently, it becomes
possible to form a good transmission acoustic field at the
observing point Px with avoiding side-lobes by performing
the transmitting wave-front compensation and summation
including omitting the first reception signals, In particular,
when the transmission focusing distance Df in the elevation
direction and the depth of the observing point Px are equal, it
is possible to obtain a transmission acoustic field having a
sufficient thin beam width without performing the transmit-
ting wave-front compensation and summation.

[0088] According to the present invention, by performing
the receiving phase compensation for focusing and summa-
tion, and the transmitting wave-front compensation and sum-
mation, it becomes possible to form the transmission/recep-
tion ultrasound beams that are uniformly converged in an
elevation direction. Under the control of the transducers
selection unit 3, two-dimensional ultrasound scan is per-
formed on the object by successively shifting the first to the
third transmitting transducers groups TG1-TG3 and the
receiving transducers group RG1 along the array direction of
the transducers. By processing the image data based on the
receiving signals that are performed in the transmitting wave-
front compensation and summation, it becomes possible to
acquire ultrasound images having excellent spatial resolu-
tion, contrast resolution, and S/N ratio.

[0089] With reference to FIGS. 6 and 7, the effects will be
explained by comparing the embodiment consistent with the
present invention and the background art. FIG. 6A illustrates
distributions of transmitting acoustic pressures in the back-
ground art. When transmitting ultrasounds are focused at a
transmission focusing distance 20 mm in the elevation direc-
tion by using a transmitting transducer group comprised of
256 transducers arrayed in an interval of 0.2 mm, each having
a resonant frequency of 7.5 MHz, a transmission acoustic
field having a thin beam width is formed at the transmission
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focusing distance 20 mm. However, as illustrated in FIGS. 6A
and 6B, the beam width of the transmission acoustic fields at
a 10 mm point that is shallower than the transmission focus-
ing point becomes wider in the azimuth direction. Similarly,
the beam width of the transmission acoustic fields at a 30 mm
point that is deeper than the transmission focusing point
becomes wider in the azimuth direction. These tendencies
become much remarkable with an increase in the number of
transducer elements and the interval between transducers in
the transmitting transducers group.

[0090] FIGS. 7A and 7B illustrate transmitting waves that
are performed in the transmitting wave-front compensation
and summation according to the present invention. Thus, a
plurality of receiving signals is acquired by shifting the trans-
mitting transducer group along the transducers array direc-
tion. Then transmitting wave-front compensation is per-
formed to the plurality of receiving signals. Doing so, as
shown in FIG. 7B, it becomes possible to form transmission
acoustic fields having the substantially uniform and thin
beam widths along the elevation direction.

[0091] FIGS. 8 and 9 illustrate a modification of the
embodiment consistent with the present invention. As illus-
trated in FIG. 2, in the above-explained embodiment, a hypo-
thetical point sound source is formed by focusing the trans-
mission ultrasounds emitted from the transmitting
transducers group at the transmission focusing point Ft in the
object based on the transmission wave-front function gener-
ated by the wave-front function generator 21. In this modifi-
cation of the embodiment, as illustrated in FIG. 8, a hypo-
thetical point sound source is formed at an outside
transmission focusing point Ft from the object, i.e., at an
opposite direction to the propagating direction of the trans-
mission ultrasound based on the transmission ultrasounds
emitted from the transmitting transducers group TG1' by
dispersing based on the transmission wave-front function. In
this case, the transmission ultrasounds having the wave-front
Wt is considered to propagate a distance Dx from the hypo-
thetical point sound source of the transmission focusing point
Ft to the observing point Px. The transmission ultrasounds
propagated the distance Dx are reflected at the observing
point Px and received by the receiving transducers group
RG1' comprised of Mr transducers.

[0092] FIG.9 illustrates the receiving phase compensation
and summation and the transmitting wave-front compensa-
tion and summation in the ultrasound transmissions/recep-
tions by using a first transmitting transducers group TG1
comprised of the transducers E1 to E3, a second transmitting
transducers group TG2 comprised of the transducers E2 to
E4, a third transmitting transducers group TG3 comprised of
the transducers E3 to E5 and a receiving transducers group
RG1 comprised of the transducers E1 to ES. Similarly to the
explanations in FIGS. 4 and 5, it is supposed that the number
Mt of the transducers in the transmitting transducers group
TG is 3, the number Mr of the transducers in the receiving
transducers group RG is 5 and the number Mx of the trans-
ducers in the transmitting transducers group is 3. Of course,
the numbers are not so limited.

[0093] A wave-front Wtl of transmission ultrasounds emit-
ted from each of the transducers E1 to E3 comprising a first
transmitting transducers group TG1 is formed based on the
transmission wave-front function supplied from the wave-
front function generator 21 in the transmission unit 2. The
transmission ultrasound having the wave-front Wtl is emitted
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into the object from the hypothetical transmission focusing
point Ft1 as a point sound source.

[0094] The transmission ultrasounds emitted from the
transmission focusing point Ft1 reflect at the observing point
Px and generate reception ultrasounds having a wave-front
Wr. The reception ultrasounds are received through the trans-
ducers E1 to ES comprising the receiving transducers group
RG1. These reception signals of 5 channels acquired through
each of the reception signals transducers E1 to ES have rela-
tive reception delays due to each of the differences of the
propagated distances from the observing point Px to each of
the transducers E1 to ES.

[0095] To correct these reception delays of the 5 channels
reception signals, the receiving phases compensation and
summation unit 53 in the reception unit 5 (FIG. 1) gives delay
times for performing the receiving phase compensation and
summation. By performing the receiving phase compensa-
tion and summation, a reception focusing point is formed at
the observing point Px. Thus, it becomes possible to selec-
tively receive the reception ultrasounds from the observing
point Px.

[0096] Further, a plurality of reception focusing points
against a plurality of observing points designated along a
depth direction are formed by controlling the delay times
based on the above-mentioned dynamic focusing method.
These reception ultrasounds from the plurality of observing
points also are selectively received. The first reception signals
performed in the receiving phases compensation and summa-
tion unit 53 are stored in the reception signals memory unit 61
of the transmitting wave-front compensation and summation
unit 6 including affixing the position data of the transmission
focusing point Ft1 formed by the first transmitting transduc-
ers group.

[0097] A nextultrasound transmission/reception by atrans-
mission ultrasound of a wave-front Wt2 through the second
transmitting transducers group TG2 and a reception ultra-
sound of a wave-front Wr through the receiving transducers
group RG1 and a following ultrasound transmission/recep-
tion by a transmission ultrasound of a wave-front Wt3
through the third transmitting transducers group TG3 and the
reception ultrasound of the wave-front Wr through the receiv-
ing transducers group RG1 are successively executed. After
performing the receiving phase compensation and summa-
tions, the second and third reception signals are stored in the
reception signals memory unit 61 including affixing the sec-
ond and third position data of the transmission focusing
points Ft2 and Ft3 formed by the second and third transmit-
ting transducers groups, respectively.

[0098] Then, the first to the third reception signals stored in
the reception signals memory unit 61 have performed the
transmitting wave-front compensation and summation by the
transmission delay correction unit 62 and the adder 63 in the
transmitting wave-front compensation and summation unit 6.
[0099] As illustrated in FIG. 9, each of the first to the third
reception signals has a relative transmission delay due to the
differences of the propagation distances from each of the
hypothetical transmission focusing points Ft1 to Ft3 to the
observing point Px. The transmission delay correction unit 62
affords delay times to each of the first to the third reception
signals for arranging in phases by correcting the transmission
delays. The adder 63 composes these first to third reception
signals corrected transmission delays by addition. Thus, the
transmitting wave-front compensation and summation is pet-
formed.
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[0100] To the image data generated in the above-mentioned
embodiments, there is a trade-off relationship between the
space resolution or the contrast resolution and the time reso-
lution. Thus, the beam width of the transmission beam
depends upon an array aperture of the plurality of transmis-
sion focusing points. The array aperture is a product of the
number of transmission focusing points and an array interval.
When the array interval is rough, the transmission beam gen-
erates non-permissible side-lobes. Accordingly, in case that
space resolution or contrast resolution is required rather than
time resolution, acquiring of reception signals required for
transmitting wave-front compensation and summation is per-
formed by successively emitting ultrasounds from a plurality
of transmission focusing points designated by a small array
interval.

[0101] According to the above-mentioned embodiments, it
becomes possible to form the transmission beam and the
reception beam, each having a substantially uniform thin
beam width along a depth direction of the object in a high
precision and a high sensitivity, by performing the receiving
phase compensation and summation and the transmitting
wave-front compensation and summation against the recep-
tion signals acquired through the plurality of transducers
comprising the receiving transducers group. Thus, itbecomes
possible to generate and display excellent image data in the
space resolution and the contrast resolution and S/N ratio.
[0102] Inparticular, since the transmitting wave-front com-
pensation and summation is performed to the in-phased
added reception signals acquired through different transmit-
ting transducers groups, the transmission/reception sensitiv-
ity can be raised in accordance with the increase in the num-
ber of times of addition in transmitting wave-front
compensation and summation. Consequently, image data
having a high S/N ratio can be acquired in contrast with the
conventional multi-stages focusing method in which the in-
phased added reception signals acquired from the transmis-
sion focusing area are extracted and composed.

[0103] According to the above-mentioned embodiment,
the hypothetical point sound source is formed by focusing
transmission ultrasounds emitted from a plurality of trans-
ducers comprising the transmitting transducers group in the
object in order to emit strong transmitting ultrasounds. Con-
sequently, it becomes more effective for a tissue harmonic
imaging (THI) method that needs high transmission energy
for imaging the harmonics components that are generated by
a nonlinear propagation in the tissue of the object.

[0104] In the modification of the embodiment, the trans-
mitting sensitivity of the dispersed ultrasounds emitted into
an object deteriorates in comparison to the usage of the
focused transmission ultrasounds. However, it is beneficial to
apply to the imaging method that requires transmitting ultra-
sounds of uniform and low acoustic pressures in a wide range
in the object, such as contrast harmonic imaging (CHI)
method with using an ultrasound contrast agent. According to
such an application, it becomes possible to detect the receiv-
ing signals with a high sensitivity from the ultrasound con-
trast agent coupled with restraining the harmonics compo-
nents.

[0105] Inthe above-mentioned embodiment and the modi-
fication, firstly, the Mr channel receiving signals are acquired
through ultrasound transmissions/receptions by using each of
the plurality Mx of transmitting transducer groups and one
receiving transducer group from the observing point Px for
performing the receiving phase compensation and summa-
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tion. Then the phase compensated and summed receiving
signals of the plurality Mr of channels are performed the
transmitting wave-front compensation and summation. On
the contrary, according to the second embodiment, the receiv-
ing phase compensation/summation and the transmitting
wave-front compensation/summation are performed approxi-
mately at the same time to the reception signals of a plurality
Mz (Mz=MxMr) of channels acquired through ultrasound
transmissions/receptions by using each of the plurality Mx of
transmitting transducer groups and one receiving transducer
group from the observing point Px.

[0106] FIG.10isablockdiagram for illustrating the second
embodiment of the ultrasound diagnosis apparatus consistent
with the present invention. In FIG. 10, the units having the
same composition and function as the units shown in FIG. 1
are presented by the same numbers in order to omit the same
explanations.

[0107] InFIG. 10, the ultrasound diagnosis apparatus 200
includes an ultrasound probe 4 including arrayed Mo trans-
ducers for emitting ultrasounds to an object and converting
echo ultrasounds reflected from the object to receiving sig-
nals, a transducers selection unit 3 for selecting a transmitting
transducer group TG and a receiving transducer group RG for
using the plurality ultrasound transmissions/receptions
among the plurality Mo of transducers, a transmission unit 2
for supplying drive signals to the transmitting transducer
group TG for focusing or dispersing the transmitting ultra-
sounds to the object, a reception unit 15 for performing a
pre-processing to the plurality Mr channels of receiving sig-
nals acquired through the receiving transducer group RG
corresponding to the ultrasounds transmissions to the object
and a phase compensation and summation unit 16 for per-
forming the receiving phase compensation/summation and
the transmitting wave-front compensation/summation to
receiving signals acquired through the ultrasound transmis-
sions/receptions between each of the plurality Mx of trans-
mitting transducers group TG that is selected by successively
shifting along the array direction of the transducers by the
transducers selection unit 3 and the receiving transducers
group RG.

[0108] The ultrasound diagnosis apparatus 200 further
includes an image signal generating unit 7 for generating B
mode image data by processing the receiving signals that
have performed the receiving phase compensation/summa-
tion and the transmitting wave-front compensation/summa-
tion, an image processing unit 8 for processing image data
based on a plurality of image data that is acquired by succes-
sively renewing the directions for the ultrasound transmis-
sions/receptions with shifting a pair of the plurality Mx of
transmitting transducers groups and the receiving transducers
group along the array direction of the transducers, a display
unit 9 for displaying the acquired image data, an input unit 10
for inputting object data, settings of image data generating
conditions and image data displaying conditions, setting a
transmission converging distance, setting a number Mt of the
transmission transducers and a number Mt of the reception
transducers and inputting various command signals, a scan
control unit 11 for controlling the ultrasound scan over the
object by selectively controlling the transducers groups for
using the ultrasound transmissions/receptions, a phase com-
pensation and summation control unit 12 for controlling the
receiving phase compensation/summation and the transmit-
ting wave-front compensation/and summation performed in
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the phasing unit 16 and a system control unit 13 for totally
controlling each unit in the apparatus.

[0109] The reception unit 15 of the ultrasound diagnosis
apparatus 200 includes a pre-processing unit 51 and an A/D
converter 52. The pre-processing unit 51 includes an ampli-
fier for amplifying the reception signals of Mr channels sup-
plied from the ultrasound probe 4 through the transducers
selection unit 3 in order to secure a sufficient S/N and a filter
circuit for restricting a band ofthe reception signals outputted
from the amplifier in order to prevent return noises from
occurring during sampling operations of the A/D converter
52. The A/D converter 52 converts the reception signals of the
plurality Mr of channels supplied from the pre-processing
unit 51 to digital signals.

[0110] The phase compensation/summation unit 16
includes a reception signals memory unit 161, a delay correc-
tion unit 162 and a summation unit 163. The reception signals
memory unit 161 successively stores reception signals of the
plurality Mz (Mz=Mx-Mr) of channels acquired in time series
through the ultrasound transmissions and receptions by using
each of the plurality Mx of transmitting transducer groups
and the receiving transducer group.

[0111] The delay correction unit 162 gives delay times to
the reception signals of Mz channels read out from the recep-
tion signals memory unit 161 in order to correct relative
transmission delays due to differences of the propagation
distances from a hypothetical point sound source in the object
or an outside of the object that is designated by each of Mx
transducers in a transmitting transducers group to the observ-
ing point Px and relative reception delays due to differences
of the propagation distances from the observing point Px to
each of Mr transducers in a receiving transducers group. The
summation unit 163 performs the summation to the corrected
reception signals of Mz channels.

[0112] According to the second embodiment, as is similar
1o the first embodiment with further modifications, it becomes
possible to generate the transmission beams and the reception
beams having a substantially uniform thin beam width along
a depth (elevation) direction of the object with a high accu-
racy and a high sensitivity by performing the receiving phase
compensation/summation and the transmitting wave-front
compensation/summation to the reception signals acquired
through a plurality of transducers in the receiving transducers
group. Consequently, it becomes possible to generate and
display excellent image data in space resolution and contrast
resolution and S/N ratio.

[0113] Inparticular, since the transmitting wave-front com-
pensation/summation is executed to the phase compensated
and summed receiving signals acquired by using different
transmitting transducer groups, it becomes possible to
improve the sensitivity of the ultrasound transmissions/re-
ceptions in accordance with an increase in the summations in
the transmitting wave-front compensation and summation.
Accordingly, it becomes possible to produce image data of a
high S/N ratio as compared with the conventional multi-
stages focusing method that compounds by extracting the
reception signal phase compensated and summed receiving
signals only acquired from the transmitting focus area.
[0114] When transmission ultrasounds emitted from a plu-
rality of transducers in a transmitting transducers group are
focused in the object, it becomes possible to construct a point
sound source that can emit strong transmission ultrasounds at
the hypothetical point. According this becomes a benefit for
the tissue harmonic imaging (THI) method that needs a high
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transmission energy for imaging harmonic components gen-
erated by a nonlinear propagation in the tissue of the object.
[0115] On the other hand, when transmission ultrasounds
emitted from a plurality of transducers in a transmitting trans-
ducers group are spread in the object, while the transmission
energy density in the object is reduced compared to using the
focused transmission ultrasounds, it becomes possible to
detect the reception signals with a high sensitivity from the
ultrasound contrast agents and restrict the harmonic compo-
nents by applying to the imaging method a required transmis-
sion ultrasound of a uniform and a low sound pressure in a
widerange in the object, such as a contrast harmonic imaging
(CHI) method that uses ultrasound contrast agents.

[0116] Further, according to the second embodiment, since
the receiving phase compensation and summation and the
transmitting wave-front compensation and summation are
performed at substantially the same time in the same unit, it
becomes easier to carry out the phasing processing per pixel
of image data. Consequently, an mage processing, such as an
interpolation processing, becomes unnecessary, and process-
ing time is largely shortened. Further, circuit compositions
can be simplified.

[0117] The present invention, of course, is not limited to the
above-explained embodiments. For instance, it is possible to
apply the present invention to a sector scan type ultrasound
diagnosis apparatus or a convex scan type ultrasound diagno-
sis apparatus. In order to apply to the convex scan type ultra-
sound diagnosis apparatus, as is similar to the above-ex-
plained linear scan type ultrasound diagnosis apparatus, a
plurality of transmission focusing points is successively des-
ignated by shifting a transmitting transducers group along an
array direction of the transducers. In order to apply to the
sector scan type ultrasound diagnosis apparatus, a plurality of
transmission focusing points is successively designated by
renewing the direction of the transmission focusing point
along with controlling the delay times to the drive signals.
[0118] FIG. 11 illustrates the receiving phase compensa-
tion and summation and the transmitting wave-front compen-
sation and summation performed in the sector scan type ultra-
sound diagnosis apparatus. To provide an easy understanding,
it is assumed that each of the numbers for the transmitting
transducers group and for the receiving transducers group is
five (5) and the number for the transmission focusing point is
three (3).

[0119] In FIG. 11, the transmission ultrasounds emitted
from the transmitting transducers group converge at a trans-
mission focusing point Ft1 and form a hypothetical point
sound source. The transmission ultrasounds emitted from the
point sound source are received through the transducers E1 to
E5 comprising a receiving transducers group by reflecting at
an observing point Px that corresponds to a pixel of image
data. At this time, the receiving phase compensation and
summation unit 53 in the reception unit 5 shown in FIG. 1
provides delay times to each of the 5 channels reception
signals in order to correct relative reception delays due to the
propagation distance differences from the observing point Px
to each of the transducers E1 to E5 and performs the addition
and compounding i.e., the receiving phase compensation and
summation.

[0120] Further, by controlling the delay times based on the
conventional dynamic focusing method, the reception focus-
ing points are formed to a plurality of observing points set up
along the elevation direction. Then, the acquired in-phased
added reception signals (a first reception signal) are stored in
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the reception signals memory unit 61 of the transmitting
wave-front compensation and summation unit 6 with attach-
ment of position data of the transmission focusing point Ft1 as
an affix data.

[0121] Similarly, ultrasound transmissions/receptions are
successively executed by setting the points Ft2 and Ft3 as the
transmission focusing points and the observing point Px as
the reception focusing point. The acquired in-phased added
reception signals (a second and a third reception signals) also
stored in the reception signals memory unit 61. The transmit-
ting wave-front compensation and summation unit 6 shown in
FIG. 1 provides delay times to each of the first to third recep-
tion signals in order to correct the relative transmission delays
due to the propagation distance differences from the trans-
mission focusing points Ftl to Ft3 to the observing point Px
and performs the addition compounding (transmitting wave-
front compensation and summation).

[0122] Then, two dimensional (2-D)ultrasound scan is per-
formed by moving the transmission focusing points Ft1 to Ft3
in conjunction with keeping the relative position relationships
along a scan direction shown in FIG. 11. The image data is
generated based on the plurality of transmission in-phased
reception signals.

[0123] Intheembodimentillustrated in FIG. 11, the receiv-
ing phase compensation and summation and the transmitting
wave-front compensation and summation are performed on
the reception signals acquired from the observing points set
onthe central axis of one reception beam. Itis also possible to
perform the phasing of the reception signals acquired by
applying the so-called parallel simultaneous reception
method that simultaneously forms a plurality of reception
beams in a plurality of directions.

[0124] With reference to FIG. 12, the receiving phase com-
pensation/summation and the transmitting wave-front com-
pensation and summation is explained in a case where they
are applied to the parallel simultaneous receptions. In this
embodiment, it is also assumed that a number Mt of the
transducers in the transmitting transducers group is 3, a num-
ber Mr of the transducers in the receiving transducers group is
5, a number Mx of the transmitting transducers groups is 3
and a number Mp of the parallel simultaneous receptions is 5.

[0125] 1In FIG. 12, transmission ultrasounds emitted from
each of the transducers E1 to E3 comprising a first transmit-
ting transducers group TG1 are focused and again propagated
to and from a first transmitting focus point Ft1. Thus, a hypo-
thetical point sound source is formed at the transmitting focus
point Ftl, and the transmission ultrasound wave-front Wtl is
emitted into the object so as that the point sound source is a
start point.

[0126] The transmission ultrasounds emitted from the
transmission focusing point Ftl reflect each of the observing
points Px1 to Px5 of a plurality number (Mp) of parallel
simultaneous receptions (Mp=>5) that are designated along a
plurality of elevation directions y1, y2, ---, y5. The reflected
signals are received through the receiving transducers group
that is comprised of a plurality number Mp (Mp=5) of trans-
ducers groups. For instance, each of the transducer groups Mp
is comprised of a plurality number Mr (Mr=5) of transducers
soas that each of transducers E1 to E5 becomes a center of the
respective transducer groups Mp. In this case, each of Mr
channel reception signals acquired through each transducer in
the receiving transducers group has relative reception delay
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due to the differences of propagation distances form each of
the observing points Px1 to Px5 to the respective receiving
transducers in the group.

[0127] The receiving phase compensation/summation unit
53 in the reception unit 5 performs the phase compensation
and summation of the Mr channel reception signals acquired
through each of the plurality of receiving transducers groups
while affording delay times for correcting the above-men-
tioned reception delays. By doing so, the receiving focus
points are formed at the observing points Px1 to Px5 and the
receiving ultrasounds from the observing points Px1 to Px5
are selectively received through the respective receiving
transducers groups. Further, by controlling the delay times in
the similar steps based on the dynamic focusing method, the
receiving focus points are formed at a plurality of observing
points that are designated in a depth direction. The receiving
ultrasounds from these observing points also are selectively
received. And the first receiving signals of Mp channels
acquired through the plurality Mp receiving transducers
groups after performing the receiving phase compensation/
summation are stored in the receiving signals memory unit 61
of the transmitting wave-front compensation and summation
unit 6 along with attaching the position data of the transmis-
sion focusing point Ftl as an affix data.

[0128] By the similar steps, ultrasound transmissions/re-
ceptions by using a second transmitting transducer groups
comprised of the transducers E2 to E4 and the plurality Mp of
receiving transducer groups and ultrasound transmissions/
receptions by using a third transmitting transducer groups
comprised of the transducers E3 to E5 and the plurality Mp of
receiving transducer groups are successively performed for
acquiring the second and third receiving signals of Mp chan-
nels, respectively. The acquired second and third reception
signals are also stored in the receiving signals memory unit 61
along with attaching the position data of the transmission
focusing point Ft2 or the transmission focusing point Ft3
formed by the second transmitting transducer groups or the
third transmitting transducer groups as the respective affix
data.

[0129] The first to third receiving signals stored in the
receiving signals memory unit 61, after performing the
receiving phase compensation/summation in the unit of the
receiving transducers group, are read out by the transmitting
wave-front delay correction unit 62 and the summation unit
63 in the transmitting wave-front compensation and summa-
tion unit 6 shown in FIG. 1, and have performed the transmit-
ting wave-front compensation and summation based on each
ofthe position data of the transmitting focus points Ft1 to Ft3.
By performing the transmitting wave-front compensation and
summation, the receiving signals of the plurality Mp channels
corresponded to the number Mp of the parallel simultaneous
receptions are generated at substantially the same time. Con-
sequently, it becomes possible to largely improve the frame
rate for the image data.

[0130] In particular, according to a method for emitting
transmission ultrasounds dispersed from the transmitting
transducers groups, since it is possible to emit the transmit-
ting ultrasounds to a relatively wide area in the object, it
becomes possible to designate the much larger number Mp of
the parallel simultaneous receptions. Consequently, it is pos-
sible to obtain much higher frame rate.

[0131] In the above, the receiving phase compensation/
summation and the transmitting wave-front compensation
and summation in a sector scan type and in the parallel simul-
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taneous reception are performed. It is further possible to use
a two dimensionally (2-D) arrayed ultrasound probe or to an
ultrasound probe for mechanically shifting the plurality of
1-D arrayed transducers at a high speed.

[0132] While the observing point Px explained in this
embodiment is designated so as to correspond with a pixel of
the image data, it is also possible to set the observing point for
a linear scan type apparatus on a central axis of the receiving
transducers group, or to set the observing point for a sector
scan type apparatus on a central axis of the reception beams.
[0133] Further, in this embodiment, while the reception
signals of radio frequency (RF) waves acquired through the
receiving transducers group are performed the receiving
phase compensation/summation and the transmitting wave-
front compensation/summation, it is also possible to perform
the receiving phase compensation/summation and the trans-
mitting wave-front compensation/summation to the I compo-
nent (real component) and Q component (imaginary compo-
nent) that are acquired by performing the orthogonal phase
detection or the Hilbert transformation to the RF waves. In
this case, the pre-processing unit 51 in the reception unit 5
shown in FIG. 1 includes an orthogonal phase detection cir-
cuit or a Hilbert transformation circuit in addition to the
amplifier and a filter circuit.

[0134] Asexplained above, in this embodiment, it becomes
possible to display with emphasized ultrasound contrast
reagent by application to an imaging method that requires
uniform and low acoustic pressure ultrasounds over a wide
scope in the object, such as the contrast harmonic imaging
(CHI) method using the dispersed transmission ultrasounds.
It is also possible to obtain similar effects by setting the
transmitting focus point in a deeper position than the image
displaying area. According to this method, it is also possible
to compensate the image data S/N deteriorations in the deeper
area due to absorptions of transmitting ultrasounds into the
tissues of the object.

[0135] Other embodiments consistent with the present
invention will be apparent to those skilled in the art from
consideration of the specification and practice of the present
invention disclosed herein. It is intended that the specification
and examples be considered as exemplary only, with the true
scope and spirit of the present invention being indicated by
the following claims.

1. An ultrasound diagnosis apparatus configured to gener-
ate image data based on reception signals acquired through an
ultrasound transmission/reception to and from an object, the
ultrasound diagnosis apparatus comprising:

an ultrasound probe including a pair of a plurality of trans-
mitting transducer groups and a receiving transducer
group, each group including a plurality of transducers;

a transmission unit configured to drive each of the plurality
of transmitting transducer groups in order to emit focus-
ing wave-fronts or propagation wave-fronts so as to form
a hypothetical point sound source for the object;

a receiving phase compensation/summation unit config-
ured to perform receiving phases compensation for
focusing and summation of a plurality of channels of
receiving signals acquired through the receiving trans-
ducer group based on reflected ultrasounds from observ-
ing points in the object;

a transmission wave-front phases compensation/summa-
tion unit configured to perform wave-front phase com-
pensation and summation for a plurality of channels of
receiving signals that are acquired through ultrasound
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transmissions/receptions by the receiving transducer
group and the plurality of transmitting transducer groups
for successively renewing the point sound source;

a scanning control unit configured to perform ultrasound
scans to the object by controlling directions for the ultra-
sound transmissions/receptions; and

animage processing unit to generate ultrasound image data
based onthe phases compensated and summed receiving
signals acquired through the ultrasound scans.

2. The ultrasound diagnosis apparatus according to claim

1, wherein the receiving phases compensation/summation
unit performs receiving phases compensation for focusing
and summation of a plurality of channel reception signals
acquired through the receiving transducer groups in order to
correct relative receiving delays due to propagation differ-
ences from the observing point to each of the transducers in
each of the receiving transducer groups.

3. The ultrasound diagnosis apparatus according to claim

1, wherein the transmission wave-front phase compensation/
summation unit corrects the relative transmitting delays due
to differences of the propagation distances from each of the
point sound sources to the observing point against the phase
compensated receiving signals of a plurality of channels
acquired by renewing the position of the point sound source.

4. The ultrasound diagnosis apparatus according to claim

1, wherein the receiving phases compensation/summation
unit performs the receiving phase compensation for focusing
and summation of the receiving signals based on the reflec-
tion waves from the observing points being set in a plurality
of directions to the object so as to form the receiving beams in
the plurality of directions at substantially the same time.

5. The ultrasound diagnosis apparatus according to claim

1, wherein the receiving phase compensation/summation unit
and the transmission wave-front phases compensation/sum-
mation unit perform the receiving phase compensation for
focusing and summation and the transmission phase compen-
sation and summation by using either one of an I component
or a Q component of the receiving signals received through
the receiving transducer groups by executing orthogonal
phase detection or Hilbert transformation.

6. The ultrasound diagnosis apparatus according to claim

1, wherein the transmission unit forms the point sound source
in the object by driving the transmitting transducer group with
using drive signals based on a prescribed wave-front function.

7. The ultrasound diagnosis apparatus according to claim

1, wherein the transmission unit forms the point sound source
at an outside of the object by driving the transmitting trans-
ducer group with drive signals based on a prescribed wave-
front function.

8. The ultrasound diagnosis apparatus according to claim

1, further comprising:

a transducers selection unit configured to select the pair of
the plurality of transmitting transducer groups and the
receiving transducer group; and

the scanning control unit is configured to control the trans-
ducers selection unit so as to successively renew the
position of the point sound source formed by the trans-
mitting transducer groups.

9. The ultrasound diagnosis apparatus according to claim

1, further comprising:

an observing point designation unit,

the observing point designation unit being configured to
designate the observing point at positions in the object
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corresponding to each pixel of the image data generated
by the image data processing unit.

10. The ultrasound diagnosis apparatus according to claim
1, further comprising:

an observing point designation unit,

the observing point designation unit being configured to
designate the observing point on a central axis of recep-
tion beams formed by the receiving phases

compensation/summation unit or the transmission wave-
front phases
compensation/summation unit.

11. An ultrasound diagnosis apparatus configured to gen-
erate image data based on reception signals acquired through
an ultrasound transmission/reception to and from an object,
the ultrasound diagnosis apparatus comprising:

an ultrasound probe including a pair of a plurality of trans-
mitting transducer groups and a receiving transducer
group, each group including a plurality of transducers;

a transmission unit configured to drive each of the plurality
of transmitting transducer groups in order to emit focus-
ing wave-fronts or propagation wave-fronts so as to form
a hypothetical point sound source for the object;

a receiving phases compensation/summation unit config-
ured to perform receiving phases compensation for
focusing and summation of a plurality of channels of
receiving signals acquired through the receiving trans-
ducer groups for successively renewing the position of
the point sound source;

a scanning control unit configured to perform ultrasound
scans of the object by controlling directions for the ultra-
sound transmissions/receptions; and

an image processing unit configured to generate ultrasound
image data based on the phases compensated and
summed receiving signals acquired through the ultra-
sound scans.

12. The ultrasound diagnosis apparatus according to claim
11, wherein the receiving phase compensation/summation
unit performs phase compensation of the plurality of channel
reception signals acquired through the receiving transducers
group by successively renewing the position of the point
sound source so as to correct the relative transmission delays
due to the propagation distances from each of the point sound
sources to the observing point and to correct the relative
reception delays due to propagation distances from the
observing point to each of the transducers in the receiving
transducers group.

13. The ultrasound diagnosis apparatus according to claim
11, wherein the receiving phase compensation/summation
unit performs phase compensation of the receiving signals
acquired through the receiving transducers group by using an
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I component and a Q component of the signal that are
acquired through an orthogonal phase detection or the Hilbert
transformation.

14. The ultrasound diagnosis apparatus according to claim
11, wherein the receiving phases compensation/summation
unit performs receiving phases compensation for focusing
and summation for the receiving signals based on the
reflected ultrasound wave-fronts at the observing points being
set in a plurality of directions for the object so as to form the
reception beams corresponded to the plurality of directions at
substantially the same time.

15. The ultrasound diagnosis apparatus according to claim
11, wherein the transmission unit forms the point sound
source in the object by driving the transmitting transducer
group with drive signals based on a prescribed wave-front
function.

16. The ultrasound diagnosis apparatus according to claim
11, wherein the transmission unit forms the point sound
source at an outside of the object by driving the transmitting
transducer group with drive signals based on a prescribed
wave-front function.

17. The ultrasound diagnosis apparatus according to claim
11, further comprising:

a transducers selection unit configured to select the pair of
the plurality of transmitting transducer groups and the
receiving transducer group; and

the scanning control unit is configured to control the trans-
ducers selection unit so as to successively renew the
position of the point sound source formed by the trans-
mitting transducer groups.

18. The ultrasound diagnosis apparatus according to claim
11, wherein the transducer selection unit successively renews
the position of the point sound source by selecting the trans-
ducers in the transmitting transducers group with shifting
along an arrayed direction of the transducers.

19. The ultrasound diagnosis apparatus according to claim
11, further comprising:

an observing point designation unit,

the observing point designation unit being configured to
designate the observing point at positions in the object
corresponding to each pixel of the image data generated
by the image data processing unit.

20. The ultrasound diagnosis apparatus according to claim

11, further comprising:

an observing point designation unit,

the observing point designation unit being configured to
designate the observing point on a central axis of recep-
tion beams formed by the receiving phases

compensation/summation unit.
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