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ULTRASOUND DIAGNOSTIC APPARATUS
AND METHOD FOR ACQUIRING
ULTRASOUND DATA

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2007-74345, filed on Mar. 22, 2007, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] An ultrasound diagnostic apparatus transmits ultra-
sound wave generated by array transducers in an ultrasound
probe to a subject and displays images based on ultrasound
wave reflected from acoustic impedance boundary surfaces.
An ultrasound diagnostic apparatus is extensively used in
diagnosis of function and conformation of organs because it is
easy to acquire diagnostic images.

[0003] Inthe most popular scan technique of the ultrasound
diagnostic apparatus, array transducers arranged in a row are
driven electrically and ultrasound images are acquired.
Recently, a 2-dimensional array probe or a mechanical oscil-
lation 1-dimension array probe can acquire 3-dimensional
image data in that it is now possible to obtain volume render-
ing images or MPR (multi plane reconstruction) images by
reconstruction of the 3 dimensional image data. In the ultra-
sound diagnosis of a heart or a circulatory organ, the 2-di-
mensional array probe is often used for acquiring real-time
3-dimensional image data.

[0004] The2-dimensional array probe has 2-dimensionally
arrayed oscillation elements on a head part of the probe. The
number of the oscillation elements (MO) requires several
hundredfold the number of MO in the 1-dimensional array
probe. Therefore, for adding received signals from M0 chan-
nels, a cable connecting each of the 2-D oscillation elements
in the probe and phase match adding unit in the apparatus
body becomes very heavy and can seriously impair handing
of the probe.

[0005] To solve the above-mentioned problem, Japanese
patent disclosure (kokai) No 2005-342194 discloses a
method in which first phase match adding units for M2 chan-
nels (M2<MO0) are provided in the probe and MO oscillation
elements are sectionalized in M2 sub-arrays (each of the
sub-arrays includes M1 oscillation elements (M1=M0/M2)).
The received signals from M1 elements of each sub array are
added in the first phase match adding unit and the received
signals of MO channels are bundled together in received sig-
nals of M2 channels.

[0006] In this manner, the bundled received signals of M2
channels are transmitted to a second phase match adding unit
in the apparatus body by a cable for M2 channels. This second
phase match adding unit bundles the received signals of M2
channels in 1 channel received signal. In other words, two
adding steps at both the probe and the apparatus body
decrease the number of channels into the cable and result in
improved handling ability of the probe.

[0007] By the way, by the electronic scan of the ultrasound
diagnostic apparatus that receives ultrasound from a certain
direction by controlling time delay or phase delay of return
signal received by arrayed oscillation elements, especially in
the case that a number of oscillation elements per unit area is
a few, the larger the angle of ultrasound transmitting and
receiving relative to the normal line is, the lower is the sen-
sitivity of receiving and image quality, resulting in artifacts
caused from increased side lobes.

Sep. 25, 2008

[0008] In addition, in the case that the first phase match
adding units are provided in the ultrasound probe, delay sig-
nals for controlling time delay or phase delay of the first phase
match adding units are normally supplied from the apparatus
body in chronological order. Therefore, too many oscillation
elements arrayed on the probe head make transfer time of the
delay signals for the many oscillation elements too long.
[0009] For example, a case that 2304 oscillation elements
onan X-Y surface composed of 48 elements along each of the
X and Y directions is explained below. In a case that delay
data for 2304 oscillation elements is serially transmitted at a
80 Hz repetition frequency from apparatus body, more than a
30u sec transfer time is needed and the repetition cycle (rate
cycle) of 3-dimensional ultrasound transmitting and receiv-
ing must be increased to accommodate the transfer time. In
other words, when the first phase match adding unit is pro-
vided in the apparatus body, because of the transfer time of a
large amount of delay data to the first phase match adding
unit, there arises a problem that time resolution of data acqui-
sition and displaying are deteriorated.

[0010] On the other hand, to solve the problem, it is pos-
sible to increase repetition frequency of transfer or adopt
parallel transfer. However these solutions further complicate
circuit structure and increase power consumption.

BRIEF SUMMARY OF THE INVENTION

[0011] According to one aspect of the present invention,
there is provided an ultrasound diagnostic apparatus includ-
ing an ultrasound probe including oscillation elements con-
figured to transmit toward and receive from a region of a
subject, a receiving delay setting unit configured to divide the
oscillation elements into oscillation element groups and set a
common delay to oscillation elements included in each of the
oscillation element groups in accordance with an imaging
condition, an adding unit configured to add received signals
transmitted from the oscillation elements in accordance with
the delay set by the received delay setting unit, and an image
generating unit configured to generate image data in accor-
dance with received signal added by adding unit.

[0012] According to another aspect of the present invention
there is provided a method of acquiring ultrasound data,
including transmitting ultrasound signals toward and receiv-
ing ultrasound signals from a region of a subject using oscil-
lation elements provided in an ultrasound probe, dividing the
oscillation elements into oscillation element groups, setting a
common delay to oscillation elements included in each of the
oscillation element groups in accordance with a imaging con-
dition, adding received signals transmitted from the oscilla-
tion elements in accordance with the delay set by the received
delay setting unit, and generating image data in accordance
with received signal added by adding unit.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0013] A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
obtained as the same becomes better understood by reference
to the following detailed description when considered in con-
nection with the accompanying drawings, wherein:

[0014] FIG. 1 is a block diagram showing whole compo-
nents of an exemplary embodiment of the ultrasound diag-
nostic apparatus of the invention.

[0015] FIG. 2 is a frame format showing a section manner
of oscillation elements of an exemplary embodiment of the
ultrasound diagnostic apparatus of the invention.

[0016] FIG. 3 is ablock diagram showing components of a
first phase match adding unit of an exemplary embodiment of
the ultrasound diagnostic apparatus of the invention.
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[0017] FIG. 4(a), 4(b) 4(c) and 4(d) are frame formats
showing the variety of section manner for second oscillation
element groups of an exemplary embodiment of the ultra-
sound diagnostic apparatus of the invention.

[0018] FIGS. 5(a)and 5(5) are frame formats showing scan
region of an exemplary embodiment of the ultrasound diag-
nostic apparatus of the invention.

[0019] FIG. 6 isa block diagram showing components of a
second phase match adding unit and an image data generating
unit of an exemplary embodiment of the ultrasound diagnos-
tic apparatus of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] Referring now to the drawings, wherein like refer-
ence numerals refer to the same or corresponding parts in the
several views, an exemplary embodiment of the present
invention is next explained. First phase match adding units
composed 0of M2 channels (M2=144) are provided in an ultra-
sound probe. MO (M0=2304) oscillation elements two-di-
mensional arrayed on a head of the ultrasound probe are
divided into same number of the first phase match adding
units. When the received signal of MO channels from the M1
oscillation elements in each of first oscillation element groups
is bunched into M2 channels by adding in the first phase
match adding unit, the M1 oscillation elements of each of the
first oscillation elements groups are further divided into sec-
ond oscillation element groups in accordance with image
mode or condition of ultrasound data acquisition (imaging
condition) and received signals from one second oscillation
element group are gave delay in common.

[0021] In the other words, common setting of receiving
signals from oscillation elements in each of the second oscil-
lation element groups enables transfer time to decrease and
enables time resolution of acquisition of image data to be
advanced by decrease of amount of delay data to be transmit-
ted from apparatus body.

[0022] An ultrasound apparatus indicated in FIG. 1 has an
ultrasound probe 1 and an apparatus body 2. The ultrasound
probe 1 has oscillation elements in its top and transmits and
receives ultrasound. The apparatus body 2 generates and dis-
plays image data on the basis of received signal from the
oscillation elements.

[0023] The ultrasound probe 1 also has a head part 11,
transmitting unit 12 and receiving unit 13. The MO oscillation
elements are provided in the head part 11. The transmitting
unit 12 generates driving signals and supplies the signals to
the MO (M0=2304) oscillation elements for transmitting
ultrasound waves to a subject. The receiving unit 13 bunches
MO channel receiving signals into M2 (M2=144) channel
receiving signals by phase match addition of M1 (M1=16)
channels received signals. The M1 (M1=16) channels
received signals are acquired from oscillation elements
belonging to first oscillation elements 111-1 to 111-M2
wholly composing MO oscillation elements.

[0024] MO oscillation elements 2-dimensionally arrayed
on the head part 11 and the first oscillation element groups
111-1 to 111-M2 each have M1 oscillation elements as
described below with reference to FIGS. 2(a) and 2(b) shows
the head part 11 in which the MO oscillation elements are
2-dimensionally arrayed along X-Y directions. 48 oscillation
elements are arrayed along one direction of X and Y. These
ultrasound elements are divided into the M2 first oscillation
elements groups 111-1,111-2,111-3 ... 111-M2 each having
4 oscillation elements along both X and Y directions. Each of
the first oscillation elements groups 111-1 to 111-M2 is com-
posed from M1 oscillation elements 101-1, 101-2, 101-3 . ..
101-M1 as shown in FIG. 2 ().
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[0025] Next, a transmitting unit 12 has a transmitting delay
setting unit 121 and a driving unit 122. The transmitting delay
setting unit 121 generates timing pulses including informa-
tion of delay time for focusing the ultrasound wave at prede-
termined depth and delay time for transmitting ultrasound to
predetermined directions on the basis of a reference signal
supplied from a reference signal generation unit 21. The
driving unit 122 generates a driving signal for driving the
oscillation elements and transmits ultrasound wave on the
basis of above mentioned timing pulse.

[0026] Onthehand, thereceiving unit 13 has M2 first phase
match adding units 131-1 to 131-M2 and receiving delay
setting unit 132. Each first phase match adding unit 131-1 to
131-M2 sets delays for focusing received ultrasound signals
from a predetermined depth and delays for directionality of a
predetermined direction, and then the first phase match add-
ing unit bundling the delayed signals to one channel receiving
signal.

[0027] The phase match adding unit includes M1 channels
mixers 134-1 to 134-M1 and modulation signal generation
units 135-1 to 135-M1 and an adding unit 136, a mixer 137, a
demodulation signal generation unit 138 and a filter unit 139
as shown in FIG. 3.

[0028] The mixers 134-1 to 134-M1 and the modulated
signal generation units 135-1 to 135-M1 demodulate received
signals of M1 channels supplied from the first oscillation
element groups into a predetermined frequency provide the
receiving signals predetermined phase delay on the basis of
delay data set by below mentioned receiving delay setting
unit 135 for oscillation elements 101-1 to 101-M1.

[0029] For example, in the case that a receiving signal
having f0 center frequency is supplied from the oscillation
101-1 of the first oscillation elements group 111-1 to the
mixer 134-1 and a modulation signal having fm frequency
phase delay ¢1 is supplied from modulation signal generation
unit 135-1 on the basis of delay data supplied from receiving
delay setting unit 132, the mixer 134-1 generates a received
signal having f0-fm center frequency and phase delay 41 by
multiplication of the above mentioned receiving signal with
the modulation signal.

[0030] In the same manner, each of mixers 134-2 to 134
generates receiving signals having f0-fm center frequency
and phase delay ¢2 to ¢M1 by multiplication of supplied
receiving signal from oscillation elements 101-2 to 101-M1
of the first oscillation group 111-1 and the modulation signal
including fim frequency and phase delay ¢2 to ¢M1 supplied
from the modulation signal generation unit 135-2 to 135-M1.
[0031] Next, M1 channel receiving signals having f0-fm
center frequency and phase delay ¢1 to ¢M1 are phase
matched and added and the phase matched and added signals
having f0-fm center frequency are converted to phase
matched and added receiving signal having f0 center fre-
quency in the mixer 137 by multiplication with demodulation
signal of fm frequency supplied from the demodulating signal
generation unit 138.

[0032] In addition, it is explained above that a receiving
signal having {0-fm center frequency is generated by multi-
plication in the mixers 134-1 to 134-M1. However, receiving
signal having f0+fim center frequency is generated and not
only receiving signal having f0 center frequency but also
receiving signal having f0+2fm and f0-2fm center frequency
is generated in the adding of the mixer 137. The filter unit 139
of the first phase matching and adding unit 131-1 eliminates
such unexpected frequency component by filter processing
and extracts receiving signal having f0 center frequency.
[0033] Asnoted above, the first phase matching and adding
unit 131 bundles M1 channel receiving signal from the first
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oscillation elements group 111 into 1 channel receiving signal
by phase matching and adding. In other words, MO channel
receiving signals acquired from MO oscillation elements two-
dimensionally arrayed in the head part 11 are bundled into a
M2 channel receiving signal by adding signals corresponding
to the number of elements of the first oscillation element
group.

[0034] In addition, the ideal manner of delay setting of
received signals is delaying both the envelope and phase of
received signals, but where the delay time between neighbor-
ing oscillation elements is relatively small, only phase delay-
ing enables the same accurate delay setting as the above ideal
manner.

[0035] Returning to FIG. 1, the receiving delay setting unit
132 of the receiving unit 13 dividing the oscillation elements
101-1t0 101-m1 of each of the first oscillationelements 111-1
to 111-M2 into a second oscillation elements group on the
basis of the imaging conditions (imaging mode and ultra-
sound data acquisition condition and so on) supplied from a
system control unit 28. Next, on the basis of the division
information, the receiving delay setting unit 132 sets delay
data to the first phase match adding unit 131-1 to 131-M2, the
delay data is generated by a below mentioned delay data
generating unit 27 for each of the second oscillation elements
group. The same delay data is set for oscillation elements
belonging to same second oscillation element group.

[0036] Next, the method of setting delay data by receiving
delay setting unit 132 is further explained with reference to
FIG. 4 and FIG. 5.

[0037] MO (M0=2304) oscillation elements 2-dimension-
ally arrayed in the head part 11 are divided into M2
(M2=144). The first oscillation elements groups 111-1 to
111-m2 have already been mentioned with the reference to
FIG. 2. Each of the first oscillation elements groups 111-1 to
111-m2 is composed from M1 (M1=16) oscillation elements
101-1,101-2,101-3 ... 101-M1. The receiving delay setting
unit 132 in the receiving unit 13 divides the oscillation ele-
ments 101-1 to 101-M1 in each of the first oscillation element
groups 111-1 to 111-M2 into the second oscillation element
groups having predetermined size on the basis of above men-
tioned imaging conditions.

[0038] FIG. 4 shows a concrete example of the second
oscillation element groups shaped in each of the first oscilla-
tion element group 111-1 to 111-M2. FIG. 4(a) shows an
example not to shape the second oscillation element group in
each of the first oscillation element group 111-1 to 111-M2.
FIG. 4(b) shows an example of shaping four second oscilla-
tion element groups in each first oscillation element group
111-1to 111-M2. FIG. 4(c) shows an example of shaping one
second oscillation element group in each first oscillation ele-
ment group 111-1 to 111-M2.

[0039] For example, if the second oscillation elements
group 112-1 to 112-4 is shaped from the first oscillation
elements group 111-1 as shown in FIG. 4(b), the receiving
delay setting unit 132 sequentially receives four kinds of
delay data Dd-1 to Dd-4 corresponding to the shaped second
oscillation elements group 112-1to 112-4 from the delay data
generation unit 27 in the apparatus body 2. Next, receiving
delay setting unit 132 supplies the delay data Dd-1 to the
modulation signal generation units 135-1, 135-2, 135-5 and
135-6 of the first phase match adding unit 131-1 correspond-
ing to the oscillation elements 101-1, 101-2, 101-5 and 101-6
of the second oscillation element group 112-1. Each modu-
lation signal generation unit 135-1, 135-2, 135-5 and 135-6
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then generates a modulation signal having phase delay
according to the received delay data Dd-1.

[0040] Furthermore, receiving delay setting unit 132 sup-
plies the delay data Dd-2 to the modulation signal generation
units 135-3, 135-4, 135-7 and 135-8 of the first phase match
adding unit 131-1 corresponding to the oscillation elements
101-3, 101-4, 101-7 and 101-8 of the second oscillation ele-
ment group 112-2. The receiving delay setting unit 132 fur-
ther supplies the delay data Dd-3 to the modulation signal
generation unit 135-9, 135-10, 135-13 and 135-14 of the first
phase match adding unit 131-1 corresponding to the oscilla-
tion elements 101-9, 101-10, 101-13 and 101-14 of the sec-
ond oscillation element group 112-3. The receiving delay
setting unit 132 further supplies the delay data Dd-3 to the
modulation signal generation unit 135-11, 135-12, 135-15
and 135-16 of the first phase match adding unit 131-1 corre-
sponding to the oscillation elements 101-11, 101-12, 101-15
and 101-16 of the second oscillation element group 112-4.
Each modulation signal generation unit 135 receiving the
delay data Dd-2 to Dd-4 generates amodulation signal having
phase delay according to the received delay data Dd-2 to
Dd-4.

[0041] Inthe same manner as above noted, in the first phase
match adding unit 131-2 to 131-M2 corresponding to the first
oscillation element group 111-2 to 111-M2, according to the
unit of the second oscillation element group, setting of delay
data and generation of modulation signal having a phase
delay based on the delay data are executed.

[0042] As mentioned above, by setting the same delay for
the second oscillation element group shaped by dividing of
the first oscillation element 111-1 to 111-M2, the amount of
delay data supplied from delay data generation unit 27 in the
apparatus body 2 is decreased. Therefore this decreases the
transfer time of the delay data. For example, the time required
in the case that the second oscillation element group is not
shaped as in FIG. 4(a) is 4 times as long as the case shown in
FIG. 4(b) and is 16 times as long as the case shown in FIG.
4(c).

[0043] FIGS. 5(a) and 5(5) show a transmitting and receiv-
ing range of sector scan. For example, in the case that sector
scan is executed from the ultrasound probe 1 as shown in FIG.
5(a), when the end region, where transmitting and receiving
angle 8% to normal line of oscillation elements arrayed plane
is large, is scanned, because the difference of the delay time or
phase between received signals received from the oscillation
elements 101-1 to 101-M1 is also large, independent delay
settings for the phase match adding unit 131-1 to 131-M2
corresponding to these oscillation elements are required.
[0044] Ontheother hand, when the center region, where the
transmitting and receiving angle 0x is small, is scanned,
because the difference of the delay time or phase between
received signals received from the oscillation elements 101-1
to 101-M1 is also small, acommon delay setting for the phase
match adding unit 131-1 to 131-M2 corresponding to these
oscillation elements can be executed.

[0045] FIG. 5(b) shows a B mode image data Db and color
Doppler image data Dc. Normally, for B mode imaging, high
spatial resolution is required for shape diagnosis of biomedi-
cal tissue; and for color Doppler imaging, high time resolu-
tion is required for function diagnosis of circulation organs
and so on. In that case, the receiving delay setting unit 132 sets
a smaller number for the second oscillation element groups
for color Doppler than the number for B mode imaging so that
high space resolution B mode images and high time resolu-
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tion color Doppler images can be acquired simultaneously or
independently. Also, if below mentioned clutter noise con-
tributing to side lobe can not be tolerated, the number of the
second oscillation element groups for the color Doppler
image may be set larger than the number for B mode imaging.

[0046] Furthermore, a number of the second oscillation
element group can be set according to the frequency of trans-
mitting ultrasound wave. For example, by setting a larger
number for the second oscillation element groups for trans-
mitting high ultrasound frequency, high quality image data
can be obtained so that side lobe or nonuniformity of sensi-
bility is stably decreased.

[0047] Returning to FI1G. 1, the apparatus body 2 includes a
reference pulse generation unit 21, a second phase match
adding unit 22, an image data generation unit 23, a display 24,
an input unit 25, a scan control unit 26, a delay data generation
unit 27 and system control unit 28. The reference pulse gen-
eration unit 21 generates a reference signal having a prede-
termined frequency. The second phase match adding unit 22
bundles M2 channel receiving signals supplied from the
receiving unit 13 into a 1 channel receiving signal by phase
match adding. The image data generation unit 23 generates
image data, such as B mode image data or color Doppler
image data and so on, on the basis of receiving signals output
from the second phase match adding unit 22. The display 24
displays the image data. An operator can input kinds of com-
mand signals, such as setting of acquiring condition of ultra-
sound data, subject information, image mode, display condi-
tion, by the input unit 25. The scan control unit 26 controls
transmitting and receiving direction (scan direction), scan
order and so on the basis of control signal from the system
control unit 28. The delay data generation unit 27 generates
delay data for the first phase match adding units 131-1 to
131-M?2 and the second phase matching unit 22 on the basis of
scan information supplied from the scan control unit 26, the
imaging condition supplied from the system control unit 28
and the setting information of the second oscillation element
group supplied from the receiving delay setting unit 132 of
the receiving part 13. The system control unit 28 totally
controls the ultrasound probe 1 and each above mentioned
unit provided in the apparatus body 2.

[0048] Next, a concrete example of the second phase match
adding unit 22 and image data generating unit 23 is explained
with the reference to the block diagram shown in FIG. 6. The
second phase match adding unit 22 includes a preamp 31, an
A/D converter 32, a delay circuit 33 and an adding circuit 34.
The preamp 31 amplifiers the M2 channel receiving signal
supplied from the first phase match adding units 131-1 to
131-M2 of the ultrasound probe 1 via a cable so that enough
S/N is acquired. The amplified receiving signal is converted
into digital signal at the A/D converter 32 and transmitted to
the delay unit 33.

[0049] The delay circuit 33 delays the digital converted
signal so that the added signal has directivity and is focused at
a predetermined depth. The delayed received signals are
added in the adding circuit 34. In other words, M1 channel
receiving signals supplied from receiving unit 13 of ultra-
sound probe 1 are phase matched and added into a 1 channel
receiving signal by the delay circuit 33 and the adding circuit.
[0050] The number of channels of the signal cable is
decreased because the phase match adding unit 131-1 to
131-M2 in the ultrasound probe 1 and the second matching
and adding unit 22 in the apparatus body 2 shares adding of
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receiving signals. This method is described in above men-
tioned Japanese patent disclosure (kokai) No 2005-342194
particularly.

[0051] The ultrasound data processing unit 23 shown in
FIG. 5 includes a B mode data generation unit 41, a color
Doppler data generation unit 42, an ultrasound data storage
unit 43, and an ultrasound data processing unit 44.

[0052] The B mode data generation unit 41 includes an
envelope detector 411 which calculate the envelope curve of
the complex received signals supplied from the adding unit 34
of the second phase match adding unit 22 and a logarithm
converter 412 which converts the detected envelope curve to
B mode data.

[0053] The color Doppler data generation unit 42 includes
7t/2 phase shifter 421, mixer 421-1 and 422-2 and LPF (low
pass filter) 423-1 and 423-2. The color Doppler data genera-
tion unit 42 processes longitudinal phase detection the
received signal supplied from adding unit 34 and generates
complex received signals (I signal and Q signal).

[0054] The color Doppler data generation unit 42 further
includes a Doppler signal memory 424 which stores the com-
plex received signal, an MTT filter 425 which removes clutter
signal caused from whole movement of the subject and an
autocorrelation calculator 426 which calculates autocorrela-
tion between sets of the filtered received signals stored in the
Doppler signal memory 424 and generates color Doppler data
indicating the velocity of blood.

[0055] Next, the ultrasound data storage unit 43 sequen-
tially stores ultrasound data of a 2-dimensional region or a
3-dimensional region generated by the B mode data generat-
ing 41 unit and the color Doppler data generating unit 42. The
ultrasound data generation unit 44 processes 3-dimensionally
data stored in the ultrasound data storage unit and generates
2-dimensional data, which is volume rendering image data,
surface rendering data, MIP (maximum intensity projection)
image data. The ultrasound data processing unit 44 may also
generate image data that s filtered or edge enhanced.

[0056] Returning to FIG. 1, the display unit 24 includes a
not shown display data generation unit, conversion unit and
monitor. The display data generation unit generates data for
display from 3-dimensional image data or 2-dimensional
image data generated by ultrasound image data generating
unit 23. The generation of the data for display is executed by
scan conversion in accordance with a predetermined format
of display. The conversion unit executes a D/A conversion of
the supplied data for display and TV format conversion. The
monitor displays the data converted by the conversion unit.
[0057] Theinputunit 25 includes an operation panel which
has a display panel, a key board, a track ball, a mouse, a
selection button, input button and so on provided thereon. An
operator inputs information of the subject, acquiring condi-
tions for volume data, display conditions or some kind of
command signal.

[0058] Next, the scan control unit 26 sets transmitting and
receiving direction of 3-dimensional scan or 2-dimensional
scan on the basis of imaging condition supplied from the input
device 25 via the system control unit 28. Furthermore, the
delay data generating unit 27 generates delay data for setting
of phase delay or time delay for the first phase match adding
unit 131-1 to 131-M2 and the second phase match adding unit
22 on the basis of information of the setting of the second
oscillation element group, the imaging condition and the
transmitting and receiving directions, or may extract delay
data from stored kinds of delay data in the not shown delay
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data storage unit for the first phase match adding unit 131-1 to
131-M2 and the second phase match adding unit 22.

[0059] Furthermore, the system control unit 28 includes a
not shown CPU and a memory. The information inputted
from the input unit 25 by the operator is stored in the memory.
The CPU wholly controls each unit mentioned above on the
basis of the stored information.

[0060] In the above mentioned exemplary embodiment of
the present invention, the common delay setting of the second
oscillation element group enables a decrease in the amount of
delay data to be supplied to the ultrasound probe 1. Therefore,
the transfer time of the delay data is shortened. In the other
words, amelioration of time resolution and power consump-
tion is achieved without deterioration of image quality of the
image data by setting the second oscillation element group
according to needed accuracy of delay data.

[0061] Especially, in the case that frequency of transmitting
ultrasound wave is low and that scan range is narrow, the time
resolution of image data acquisition is ameliorated. Further-
more, high time resolution color Doppler image data and high
space resolution B mode image data are acquired at the same
time.

[0062] In addition, in the above mentioned exemplary
embodiment, because common phase delay is gave the
received signal from oscillation element belonging to the
second oscillation element group, the first phase match add-
ing unit can be composed of simple circuitry.

[0063] Forexample, in the case where it is simply desired to
decrease transfer time of delay data by common connection
of oscillation elements to be given same delay data to, switch
circuits are needed for all the oscillation elements. On the
other hand, in this exemplary first oscillation embodiment,
common phase delay is given to the first phase match adding
unit for the first oscillation element group in the ultrasound
probe. Therefore, this method can be adopted in the technique
disclosed in the Japanese patent disclosure (kokai) 2005-
343294. This exemplary embodiment decreases transfer time
without change of above mentioned formerly known circuit
components.

[0064] Numerous variations of the present invention are
possible in light of the above description. It is therefore to be
understood that the invention as claimed can be practiced
other than is specifically described herein.

[0065] For example, common delay setting may be applied
notonly received signals but also to driving signals for the MO
oscillation elements. In one example of this technique, the
transmitting delay setting unit 121 in the transmitting part 12
shown in FIG. 1 may divide the oscillation elements into third
oscillation element groups on the basis of information of
imaging condition(s) supplied from the system control umt
28. Next, in accordance with delay data generated by the
delay data generation unit 27 on the basis of the dividing
information, the transmitting delay setting unit 121 may seta
common delay to driving signals for oscillation element
belonging to one third oscillation element group.

[0066] However, the case that the common delay is only set
for receiving signals is more effective to maintain image
quality compared to the case that common delay setting is not
adopted. When receiving signals are phase matched and
added, normally, an A/D converter is provided. Because the
accuracy of the A/D converter is limited, the required accu-
racy of the receiving delay is more flexible than the transmit-
ting delay.
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[0067] In addition, the above mentioned technique can be
adopted not only to 2-dimensional allayed probe but also to
1-dimension arrayed probe. In the case of 1-dimension
arrayed probe, the same effect as is the case of 2-dimensional
arrayed probe can be obtained.

[0068] Furthermore, in above mentioned exemplary
embodiment, second oscillation element groups are set for
every scan region. In other words, setting of the second oscil-
lation element groups is changed between an end portion and
a center portion while one frame region is scanned. However,
such frequent changing may not be executed and setting ofthe
second oscillation element groups may be fixedly set in accor-
dance with the width of whole scan region (field angle).
[0069] Inaddition, in above mentioned exemplary embodi-
ments settings of the second oscillation element groups are
same in the every first oscillation element group. However,
when transmitting and receiving is executed for one scan line
of a scan region, fine division of the second oscillation ele-
ment groups forone first oscillation element group, where the
difference in delay between oscillation elements is large and
coarse division of the second oscillation element groups for
one first oscillation element group where difference of delay
between oscillation elements is small, may be set at the same
time.

[0070] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

1. An ultrasound diagnostic apparatus comprising:

an ultrasound probe including oscillation elements config-
ured to transmit toward and receive from a region of a
subject;

areceiving delay setting unit configured to divide the oscil-
lation elements into oscillation element groups and seta
common delay to oscillation elements included in each
of the oscillation element groups in accordance with an
imaging condition;

an adding unit configured to add received signals transmit-
ted from the oscillation elements in accordance with the
delay set by the received delay setting unit; and

an image generating unit configured to generate image data
in accordance with received signal added by adding unit.

2. The ultrasound diagnostic apparatus according to claim

1, wherein;,

the adding unit further comprises

a first adding unit provided in the ultrasound probe and
configured to add received signals of plural channels
transmitted from the oscillation elements belonging to
each of first oscillation element groups; and

a second adding unit provided in an apparatus body exter-
nal to said ultrasound probe and configured to further
add received signals of plurality of channels added by
the first adding unit;

wherein the receiving delay setting unit is configured to
divide the oscillation elements belonged to each of the
first oscillation element groups into a second oscillation
element group in accordance with an imaging condition
and seta common delay to oscillation elements included
in each of the second oscillation element groups.
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3. The ultrasound diagnostic apparatus according to claim
1, wherein the imaging condition is one of imaging mode,
frequency of transmitting ultrasound wave, scan line density
and scan region.
4. The ultrasound diagnostic apparatus according to claim
2, wherein the adding unit sets common phase delay or time
delay to oscillation elements included in each of the oscilla-
tion element groups.
5. The ultrasound diagnostic apparatus according to claim
4, further comprising:
a delay data generating unit configured to generates delay
data corresponding to a phase delay or a time delay; and

wherein the receiving delay setting unit commonly sets the
delay data to each of the first adding units corresponding
to oscillation elements belonging to each of the second
oscillation element groups.

6. The ultrasound diagnostic apparatus according to claim
5, further comprising:

a scan control unit configured to control direction of ultra-

sound transmitting and receiving;

wherein the delay data generation unit generates delay data

in accordance with information of the direction of ultra-
sound transmitting and receiving and a division of the
second oscillation element group.

7. The ultrasound diagnostic according to claim 5, wherein
the delay data generating unit configured to sequentially sup-
ply the delay data to the receiving delay setting unit.

8. The ultrasound diagnostic apparatus according to claim
7, wherein the delay data generating unit is provided in the
apparatus body and the receiving delay setting unit is pro-
vided in the ultrasound probe.

9. The ultrasound diagnostic apparatus according to claim
1, further comprising:

a driving unit configured to supply driving signals to the

oscillation elements; and

a transmitting delay setting unit configured to divide the

oscillation elements into third oscillation element
groups and set a common delay to oscillation elements
included in each of the third oscillation element groups
in accordance with an imaging condition for the driving
signal.

10. The ultrasound diagnostic apparatus according to claim
1, wherein the oscillation elements are arrayed 2-dimension-
ally.

11. A method of acquiring ultrasound data comprising:

transmitting toward and receiving ultrasound signals from

aregion of a subject using oscillation elements provided
in an ultrasound probe;

dividing the oscillation elements into oscillation element

groups;

setting common delay to oscillation elements included in

each of the oscillation element groups in accordance
with an imaging condition;

adding received signals transmitted from the oscillation

elements in accordance with the delay set by the
received delay setting unit; and

generating image data in accordance with received signal

added by adding unit.

12. The method of acquiring ultrasound data according to
claim 1, wherein;

the adding comprises,
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first adding received signals of plurality of channels trans-
mitted from the oscillation elements belonging to each
of first oscillation element groups in an ultrasound
probe, and

second adding received signals produced by the first add-

ing in an apparatus body provided external to the ultra-
sound probe; and

the dividing comprises,

dividing the oscillation elements belonged to each of the

first oscillation element groups into a second oscillation
element group in accordance with the imaging condi-
tion; and

the setting comprises,

setting common delay to oscillation elements included in

each of the second oscillation element groups.

13. The method of acquiring ultrasound data according to
claim 1, wherein the imaging condition is one of imaging
mode, frequency of transmitting ultrasound wave, scan line
density and scan region.

14. The method of acquiring ultrasound data according to
claim 12, wherein the setting comprises setting common
phase delay or time delay to oscillation elements included in
each of the oscillation element groups.

15. The method of acquiring ultrasound data according to
claim 14, further comprising:

generating delay data corresponding to the phase delay or

time delay; and

the setting includes commonly setting the delay data for the

first adding corresponding to oscillation elements
belonging to each of the second oscillation element
groups.

16. The method of acquiring ultrasound data according to
claim 15, further comprising:

controlling direction of ultrasound transmitting and receiv-

ing;

wherein the generating comprises generating delay data in

accordance with the direction of ultrasound transmitting
and receiving and the division of the second oscillation
element group.

17. The method of acquiring ultrasound data according to
claim 15, wherein the generating comprises supplying the
delay data sequentially.

18. The method of acquiring ultrasound data according to
claim 17, wherein the generating is executed in the apparatus
body and the setting is executed in the ultrasound probe.

19. The method of acquiring ultrasound data according to
claim 11, further comprising:

supplying driving signals to the oscillation elements;

dividing the oscillation elements into transmitting oscilla-

tion element groups; and

setting common delay to oscillation elements included in

each of the transmitting oscillation element groups in
accordance with an imaging condition for the driving
signal.

20. The method of acquiring ultrasound data according to
claim 11, wherein the oscillation elements are arrayed
2-dimensionally.



TRBR(F) ATREEF BB EB LI E MG E

K (BE)S US20080234585A1 K (nE)R
RiES US12/054184 RiEHR
FRIRB(EFR)ACGE) IWAMAETT

RE(EFR)AGE) IWAMA , {517

HARBEANAE) KRAEHFZ

REZETRENT

[#RI&Z B A IWAMA NOBUYUKI

REAA IWAMA, NOBUY UKI

IPCHEE A61B8/00

CPCH¥%(= G01S15/8925 G10K11/346 G01S15/8927 A61B8/00
i £ 2007074345 2007-03-22 JP

H 2T SR US9354313

SNEBEEHE Espacenet  USPTO

RE(GR)

patsnap

2008-09-25

2008-03-24

—MEERSHERE  9fF  BI4  HEENANROEXHEEN |
MR XE W EBGER R B R T, WEENFRE T D N iRS

A, FEANEBBEESMEZ THFNIRE THREQHER, BE
BRGRAFNA , AET  WERENREHZRNERRELTIREN |
ERFMMIES THRENBERES URBBERET , HEBHRE |
ANIMEERRE S £ E G B ERE R IR,

L s 1o~
Delay dats: goneraion und I | Dispiay unit I
_$ 28
e et

26

25

Input unit



https://share-analytics.zhihuiya.com/view/e70e10c7-0e6a-4a7d-86fa-8471477dcc1c
https://worldwide.espacenet.com/patent/search/family/039775450/publication/US2008234585A1?q=US2008234585A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220080234585%22.PGNR.&OS=DN/20080234585&RS=DN/20080234585

