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(57) ABSTRACT

There is provided a method for determining an aperture of
an ultrasonic diagnostic apparatus that prevents a beam
pattern from being deteriorated and allows an image with
excellent quality to be obtained. The method includes: a
beam formation simulation step (S102) of performing a
simulation of an ultrasonic beam pattern to be formed, based
on a parameter concerning a signal processing condition of
a probe including a manner of adding and thinning received
signals from transducers; and an addition and thinning
pattern determination step (8103) of determining whether or
not the beam pattern obtained in the beam formation simu-
lation step satisfies a predetermined criterion including a
maximum value of a sidelobe level, an allowable amount of
reduction in sensitivity in the case where no addition and
thinning is performed, and the like.



Patent Application Publication Jul. 6,2006 Sheet 1 of 6 US 2006/0149148 A1

Parameter input
step -~ S101

l

Beam formation
simulation step ~$102

5103

Addition and
thinning pattern
determination
step

(Ed )

FIG. 1




Patent Application Publication Jul. 6,2006 Sheet 2 of 6 US 2006/0149148 A1

Fixed parameter |
setting step S201

1

Beam pattern |
formation step 5202

l

Beam formation L S102
simulation step

rJS103
Addition and
thinning pattern
determination
step

(=)

FIG. 2




Patent Application Publication Jul. 6,2006 Sheet 3 of 6 US 2006/0149148 A1

FIG. 3

Fixed parameter |._g$201
setting step

y
First beam
pattern formation ~ $202
step
¥
First variable

parameter setting - S301
step

¥

First beam
formation I~ $102
simulation step

irst addition
and thinning pattern
determination step

oK

]

Second beam
pattern formation ~ 8302
step

¥

Second variable
parameter setting [~ S303
step

¥

Second beam
formation ~ 5104
simufation step

and thinning pattern
determination step




US 2006/0149148 Al

Patent Application Publication Jul. 6,2006 Sheet 4 of 6

1lun’
Ae|dsiq

14!

0~-821-2

112

—~0L-2

—{-69-2

—{~89-7

—~-19-2

—{h-§9-7

¥9-¢

¥ Dl
1iun 3tun 3lun
uo|3eJadg |043u0)’ uolje.tsua3
9L _ as|nd
_ v uoissiusued|
Gl .
)
14
] — - ¥9-¢
. . P9~ . ¥9-§ :
5 e ﬁw: dujssaooud : : : :
2 Jeusis mo|4 Jojoy [ — P —
i ¢ e i ) g vt
- Y = =
= | M SurssaooLd M. 58 G-/ S ||A.rm-m 5-€
& [eUSIS JolowMo|) | e Paret —
)i poo|q Jajddog |11 2 v b-L IA/Tm e
parky mls ZJlmlm
11un 3u1ssasoud b A =
w |eudis apou-g Kol Z-1 NG
=] <L =
6 9




US 2006/0149148 Al

Patent Application Publication Jul. 6,2006 Sheet 5 of 6

1un
Ae|dsig

14!

GOl
91 Gl
! ,
11un un 11un .
uojjeJdadp |043U0) uoijetauss | :
as|nd
Uo|8S|WSuUR |
—
14
> —<}— 7ot
. b9-§ .
= }1un 3uissasoid — ‘ . :
8 [ eusis nojy 10)09 N e 8—<— P —
- ¢l - N <k 5
< @ . —
= 11Un Su1ssano.sd = IIAﬂm-m 6-¢
8 = |eusis Joteumofy =) = Sdd < =
@ poo|q Jajddoq N m — €-L : \rTm
= 8 31 Nepg L
| 3iun 3uissaoosd 5 P =
~ [eusIs apou-g : - NG5 ¢
) -0l P —
6 9




Patent Application Publication Jul. 6,2006 Sheet 6 of 6 US 2006/0149148 A1

;
o

2Tron B
QMZ
6 ::1:?]if-"_"'""*’1"'3

Received signals
NS
4 ji///;?;jl

To current/voltage conversion amplifiers

Aperture center —= 23

Aperture center

1 2 3 4567 8 9 10 11 12 13 14 15 16 3 32

LT

161715199921 8 g2 2T9g20 90315y 615, B3,

FIG. 6B

1 5 3 4 5 6 1 8 9101112131415



US 2006/0149148 Al

METHOD FOR DECIDING OPENING OF
ULTRASONOGRAPHIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus for observing and diagnosing a condition of
a living body or the like by transmitting and receiving
ultrasonic waves using a transducer array, and particularly to
a method for determining optimally an aperture of an
ultrasonic diagnostic apparatus.

BACKGROUND ART

[0002] At present, it is a well-known focusing technique to
converge ultrasonic beams by using a plurality of transduc-
ers constituting a transducer array simultaneously.

[0003] FIG. 4 is a block diagram showing an exemplary
configuration of a linear-scanning-type ultrasonic diagnostic
apparatus according to a first conventional example. In FIG.
4, aprobe 1 includes arranged elements 2-1 to 2-128. Among
the elements 2-1 to 2-128, elements (also referred to as
aperture parts) to be used are selected by high-voltage
switches 3-1 to 3-64. The elements selected by the high-
voltage switches 3-1 to 3-64 are driven with transmission
pulses generated by a transmission pulse generation unit 4.
Ultrasonic beams transmitted from the selected elements and
reflected in a body not shown are received by elements
selected from the elements 2-1 to 2-128 by the high-voltage
switches 3-1 to 3-64. The selected received signals are
transmitted through voltage/current conversion amplifiers
5-1 to 5-64 to a cross point switch (CPS) 6, where they are
sorted. The sorted signals are transmitted through current/
voltage conversion amplifiers 7-1 to 7-64 to analog/digital
(A/D) converters 8-1 to 8-64 so as to be converted into
digital signals, and the obtained digital signals are subjected
to a delay and sum operation by a beam former 9. An output
signal from the beam former 9 is subjected to desired signal
processing by any of a B-mode signal processing unit 10 for
performing signal processing for B-mode display, a Doppler
signal processing unit 11 for performing signal processing
for a Doppler blood flowmeter, and a color flow signal
processing unit 12 for performing signal processing for color
flow. An image synthesis unit 13 synthesizes signals from
the B-mode signal processing unit 10, the Doppler signal
processing unit 11, and the color flow signal processing unit
12 to constitute a display image, which is then displayed on
a display unit 14. Overall control is performed by a control
unit 15, and an operation by an operator is performed
through an operation unit 16.

[0004] An operation of the ultrasonic diagnostic apparatus
thus configured has already been well known, and thus a
description thereof will be omitted.

[0005] Such an ultrasonic diagnostic apparatus using a
transducer array has to process signals from a plurality of
transducers at the same time. Accordingly, it is necessary to
provide as many A/D converters as transducers to be used at
the same time and a beam former for receiving outputs from
the A/D converters to subject the same to delay and sum
operation processing, which results in a large physical
quantity. A solution to this problem is proposed as described
in JP 2000-157539 A as a second conventional example.

[0006] The second conventional example is described
with reference to FIGS. 5 and 6.
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[0007] FIG. 5 is a block diagram showing an exemplary
configuration of an ultrasonic diagnostic apparatus accord-
ing to the second conventional example. In the first conven-
tional example, the cross point switch 6 outputs sixty-four
signals, and thus the sixty-four current/voltage conversion
amplifiers 7-1 to 7-64 and the sixty-four A/D converters 8-1
to 8-64 are provided accordingly. On the other hand, in the
second conventional example, a cross point switch 6 outputs
thirty-two signals, and thus thirty-two current/voltage con-
version amplifiers 7-1 to 7-32 and thirty-two A/D converters
8-1 to 8-32 are provided accordingly.

[0008] FIGS. 6A and 6B are diagrams showing a con-
nection in the cross point switch 6 shown in FIG. 5. In
FIGS. 6A and 6B, signals are numbered 1, 2, from an end
of a reception aperture. In the cross point switch 6, a
plurality of signals are connected to one output terminal
(addition or combination). There are also signals that are
connected to no output terminal (thinning). Since received
signals are converted into currents in a preliminary stage
toward the cross point switch 6, when two signals are
connected to one output terminal, it is possible to take out
from the output terminal an output signal in which currents
of the two signals are added.

[0009] The connection in the cross point switch 6 also can
be represented as shown in FIG. 6B. In FIG. 6B, input
signals 1, 3,5, 7, 8,9, 10, 31, and 32 of the cross point switch
6 are connected to output terminals 1, 2, 3, 4, 5, 6, and 7,
respectively. Input signals 2, 4, 6, 61, and 63 are connected
to no output terminal. Two input signals 11 and 12, 13 and
14, 15 and 16, 17 and 18, and 19 and 20 are each connected
to one output terminal 8, 9, 10, 11, or 12, respectively. Three
input signals 21, 22, and 23, 24, 25, and 26, 27, 28, and 29,
and 30, 31, and 32 are each connected to one output terminal
13, 14, 15, or 16, respectively.

[0010] As described above, by combining received signals
from a plurality of transducers into one and providing
channels not to be used, i.e., adding and thinning received
signals from transducers, the number of input signals to the
A/D converters and a beam former can be reduced, resulting
in a decrease in physical quantity and minimization of the
deterioration of a beam pattern.

[0011] However, also in the second conventional example,
the influence exerted on the quality of an image for use in a
diagnosis varies depending upon the manner of selecting
received signals from transducers to be added or selecting
received signals from transducers to be thinned. Thus, it is
important for image quality to be obtained to determine
optimally a manner of adding or thinning received signals
from transducers.

DISCLOSURE OF INVENTION

[0012] The present invention has been achieved in view of
the above, and its object is to provide a method for deter-
mining an aperture of an ultrasonic diagnostic apparatus that
prevents a beam pattern from being deteriorated and allows
an image with excellent quality to be obtained by determin-
ing optimally a manner of adding or thinning received
signals from transducers.

[0013] In order to achieve the above-mentioned object, in
a method for determining an aperture of an ultrasonic
diagnostic apparatus according to the present invention, the
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ultrasonic diagnostic apparatus includes: a probe including a
plurality of transducer arrays for transmitting and receiving
an ultrasonic beam to/from a subject; a transmission pulse
generation unit for generating a plurality of transmission
pulses for driving the transducer arrays; a beam former for
subjecting signals received by the transducer arrays to a
delay and sum operation; and a cross point switch for
allocating the signals received by the transducer arrays to
any of a plurality of input terminals of the beam former,
wherein a manner of adding and thinning the received
signals in the cross point switch is set so that more received
signals from the transducers are input to one input terminal
of the beam former on a center side rather than an end side
of an aperture. The method includes: a beam formation
simulation step of performing a simulation of an ultrasonic
beam pattern to be formed, based on a parameter concerning
a signal processing condition of the probe including the
manner of addition and thinning; and an addition and
thinning pattern determination step of determining whether
or not the beam pattern obtained in the beam formation
simulation step satisfies a predetermined criterion.

[0014] The method for determining an aperture of an
ultrasonic diagnostic apparatus according to the present
invention further includes a beam pattern formation step of
modifying a pattern of addition and thinning when it is
determined that the predetermined criterion is not satisfied in
the addition and thinning pattern determination step.

[0015] According to the above configuration, since the
beam formation simulation step and the addition and thin-
ning pattern determination step based on the criterion of a
beam pattern are provided, it is possible to calculate an
optimum manner of adding and thinning the received signals
from the transducers so as to obtain a favorable beam pattern
while minimizing a reduction in sensitivity.

[0016] In the method for determining an aperture of an
ultrasonic diagnostic apparatus according to the present
invention, the parameter concerning a signal processing
condition of the probe includes an interval between the
transducers, a center frequency obtained from the transduc-
ers and a waveform of the transmission pulses, and a degree
of opening of the aperture in accordance with a reflection
depth of the received signals.

[0017] In the method for determining an aperture of an
ultrasonic diagnostic apparatus according to the present
invention, the predetermined criterion includes a maximum
value of a sidelobe level and an allowable amount of
reduction in sensitivity in the case where no addition and
thinning is performed.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1 is a flow chart showing a procedure for
determining a manner of adding and thinning received
signals from a plurality of transducers in a method for
determining an aperture of an ultrasonic diagnostic appara-
tus according to Embodiment 1 of the present invention.

[0019] FIG. 2 is a flow chart showing a procedure for
determining a manner of adding and thinning received
signals from a plurality of transducers in a method for
determining an aperture of an ultrasonic diagnostic appara-
tus according to Embodiment 2 of the present invention.

[0020] FIG. 3 is a flow chart showing a procedure for
determining a manner of adding and thinning received
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signals from a plurality of transducers in a method for
determining an aperture of an ultrasonic diagnostic appara-
tus according to Embodiment 3 of the present invention.

[0021] FIG. 4 is a block diagram showing an exemplary
configuration of an ultrasonic diagnostic apparatus accord-
ing to a first conventional example.

[0022] FIG. 5 is a block diagram showing an exemplary
configuration of an ultrasonic diagnostic apparatus accord-
ing to a second conventional example.

[0023] FIG. 6A is a diagram showing an example of a
connection in a cross point switch 6 shown in FIG. 5.

[0024] FIG. 6B is a schematic diagram showing a manner
of combining (adding) and thinning received signals from
transducers in the case where the cross point switch 6 has the
connection shown in FIG. 6A.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0025] Hereinafter, preferred embodiments of the present
invention will be described with reference to the drawings.

EMBODIMENT 1

[0026] FIG. 1 is a flow chart showing a procedure for
determining a manner of adding and thinning received
signals from a plurality of transducers in a method for
determining an aperture of an ultrasonic diagnostic appara-
tus according to Embodiment 1 of the present invention.

[0027] InFIG. 1, in a parameter input step (S101), data on
a manner of adding and thinning received signals from
transducers, a shape of a probe including data on a size of
an interval between transducers, and the like are input as
parameters. Then, in a beam pattern simulation step (8102),
a simulation of beam formation is performed based on the
parameters input in the parameter input step (3101). The
beam pattern simulation step (S102) is performed in the
following manner, for example. A distance from each trans-
ducer to a point of measurement in a medium to be subjected
to ultrasonic irradiation is calculated, the distance is con-
verted into time, and a difference between the converted
time and a delay time essentially provided to the transducer
is taken. Signals from the transducers are added with signals
that have reached from other probes in the same manner,
while the time lag is adjusted, whereby a synthesized
waveform is obtained. The point of measurement in the
medium is shifted sequentially in a horizontal direction at
the same depth, thereby making a graph of sound pressure
distribution. By taking attenuation in the medium into con-
sideration, a more precise sound pressure distribution can be
calculated.

[0028] Next, in an addition and thinning pattern determi-
nation step (S103), a pattern of addition and thinning is
evaluated based on a criterion including the maximum value
of a sidelobe level, an allowable amount of reduction in
sensitivity in the case where no addition and thinning is
performed, and the like.

[0029] In the addition and thinning pattern determination
step (5103), when the criterion is satisfied (OK), the flow
ends. However, when the criterion is not satisfied (NG), the
process returns to the parameter input step (S101), so that
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the parameter concerning the manner of adding and thinning
received signals from transducers is modified and input.

[0030] As described above, according to the present
embodiment, there are provided the beam formation simu-
lation step and the addition and thinning pattern determina-
tion step based on the criterion of a beam pattern. Therefore,
it is possible to calculate an optimum manner of adding and
thinning received signals from transducers so as to obtain a
favorable beam pattern while minimizing a reduction in
sensitivity.

EMBODIMENT 2

[0031] FIG. 2 is a flow chart showing a procedure for
determining a manner of adding and thinning received
signals from a plurality of transducers in a method for
determining an aperture of an ultrasonic diagnostic appara-
tus according to Embodiment 2 of the present invention.

[0032] InFIG. 2, in a fixed parameter setting step (S201),
fixed parameters such as an arrangement pattern of the
transducers, a value of a transmission frequency correspond-
ing to a center frequency of the transducers and a transmis-
sion pulse waveform, a diameter of an aperture, and the
number of inputs to a beam former are set. Then, in a beam
pattern formation step (S202), a provisional pattern of
addition and thinning is formed and output in a first pass, and
a beam pattern is obtained in a beam formation simulation
step (S102). The obtained beam pattern is checked against a
criterion, and the result of evaluation is output in an addition
and thinning pattern determination step (S103). The crite-
rion is the same as that in Embodiment 1.

[0033] In the addition and thinning pattern determination
step (S103), when the criterion is not satisfied (NG), the
process returns to the beam pattern formation step (S202), so
that the pattern of addition and thinning is modified in a
second and subsequent passes. For example, when a side-
lobe is high, a pattern is formed such that addition is
decreased and thinning is increased. The pattern is subjected
to the beam formation simulation step (8102) again, and the
process is repeated until the criterion in the addition and
thinning pattern determination step (S103) is satisfied.

[0034] As described above, according to the present
embodiment, a provisional pattern of addition and thinning
is formed initially based on the fixed parameters such as an
arrangement pattern of the transducers, a value of a trans-
mission frequency, a diameter of an aperture, and the num-
ber of inputs to a beam former in the beam pattern formation
step, and the beam pattern is modified until the criterion is
satisfied. Therefore, as compared with Embodiment 1, there
is an advantage that it is possible to save an operator from
having to modify the parameter concerning the pattern of
addition and thinning himself/herself.

EMBODIMENT 3

[0035] FIG. 3 is a flow chart showing a procedure for
determining a manner of adding and thinning received
signals from a plurality of transducers in a method for
determining an aperture of an ultrasonic diagnostic appara-
tus according to Embodiment 3 of the present invention.

[0036] InFIG. 3, in a fixed parameter setting step (S201),
fixed parameters such as an arrangement pattern of the
transducers, a value of a transmission frequency correspond-
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ing to a center frequency of the transducers and a transmis-
sion pulse waveform, a diameter of an aperture, and the
number of inputs to a beam former are set. Then, a provi-
sional pattern of addition and thinning is formed and output
in a first pass in a first beam pattern formation step (5202),
a first variable parameter is set and output in a first variable
parameter setting step (S301), and a beam pattern is obtained
based on the provisional pattern of addition and thinning and
the first variable parameter in a first beam formation simu-
lation step (S102).

[0037] Herein, an example of the first variable parameter
set and output in the first variable parameter setting step
(S301) includes data on a depth at which the aperture
becomes maximum, which can be obtained from a degree of
opening of the aperture in accordance with a reflection depth
of the received signals.

[0038] The beam pattern obtained in the first beam for-
mation simulation step (S102) is checked against a first
criterion, and the result of evaluation is output in a first
addition and thinning pattern determination step (S103). The
first criterion is the same as that in Embodiment 1.

[0039] In the first addition and thinning pattern determi-
nation step (5103), when the first criterion is not satisfied
(NG), the process returns to the first beam pattern formation
step (5202), so that the pattern of addition and thinning is
modified in a second and subsequent passes. For example,
when a sidelobe is high, a pattern is formed such that
addition is decreased and thinning is increased. The pattern
is subjected to the first beam formation simulation step
(5102) again, and the process is repeated until the first
criterion in the first addition and thinning pattern determi-
nation step (S103) is satisfied.

[0040] When the first criterion is satisfied (OK) in the first
addition and thinning pattern determination step (S103), the
pattern of addition and thinning that has satisfied the first
criterion in the first addition and thinning pattern determi-
nation step (S103) is output in a first pass in a second beam
pattern formation step (S302), a second variable parameter
is set and output in a second variable parameter setting step
(8303), and a beam pattern is obtained based on the pattern
of addition and thinning that has satisfied the first criterion
in the first addition and thinning pattern determination step
(5103) and the second variable parameter in a second beam
formation simulation step (S304).

[0041] Herein, an example of the second variable param-
eter set and output in the second variable parameter setting
step (8303) includes data on a diameter of the aperture in a
relatively shallow region and a depth for that data, which can
be obtained from a degree of opening of the aperture in
accordance with a reflection depth of the received signals.

[0042] 1In a second addition and thinning pattern determi-
nation step (8305), when the second criterion is not satisfied
(NG), the process returns to the second beam pattern for-
mation step (S302), so that the pattern of addition and
thinning is modified in a second and subsequent passes, and
the setting of the second variable parameter is modified in
the second variable parameter setting step (S303). The
pattern is subjected to the second beam formation simulation
step (S304) again, and the process is repeated until the
second criterion in the second addition and thinning pattern
determination step (S305) is satisfied.
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[0043] As described above, according to the present
embodiment, there is an advantage that determination of the
beam patterns at two depths can be performed and unifor-
mity of an image in a depth direction can be maintained.

[0044] As described above, according to the present
invention, in a delay and sum operation method in which
signals from a plurality of transducers are added and thinned
when being received, it is possible to calculate a pattern of
addition and thinning such that a beam pattern is optimized,
whereby an image with favorable quality in an ultrasonic
diagnosis can be obtained.

1. A method for determining an aperture of an ultrasonic
diagnostic apparatus that includes: a probe including a
plurality of transducer arrays for transmitting and receiving
an ultrasonic beam to/from a subject; a transmission pulse
generation unit for generating a plurality of transmission
pulses for driving the transducer arrays; a beam former for
subjecting signals received by the transducer arrays to a
delay and sum operation; and a cross point switch for
allocating the signals received by the transducer arrays to
any of a plurality of input terminals of the beam former,
wherein a manner of adding and thinning the received
signals in the cross point switch is set so that more received
signals from the transducers are input to one input terminal
of the beam former on a center side rather than an end side
of an aperture, the method comprising:

a beam formation simulation step of performing a simu-
lation of an ultrasonic beam pattern to be formed, based
on a parameter concerning a signal processing condi-
tion of the probe including the manner of addition and
thinning; and

Jul. 6, 2006

an addition and thinning pattern determination step of
determining whether or not the beam pattern obtained
in the beam formation simulation step satisfies a pre-
determined criterion.

2. The method for determining an aperture of an ultra-
sonic diagnostic apparatus according to claim 1, further
comprising a beam pattern formation step of modifying a
pattern of addition and thinning when it is determined that
the predetermined criterion is not satisfied in the addition
and thinning pattern determination step.

3. The method for determining an aperture of an ultra-
sonic diagnostic apparatus according to claim 1, wherein the
parameter concerning a signal processing condition of the
probe includes an interval between the transducers.

4. The method for determining an aperture of an ultra-
sonic diagnostic apparatus according to claim 1, wherein the
parameter concerning a signal processing condition of the
probe includes a center frequency obtained from the trans-
ducers and a waveform of the transmission pulses.

5. The method for determining an aperture of an ultra-
sonic diagnostic apparatus according to claim 1, wherein the
parameter concerning a signal processing condition of the
probe includes a degree of opening of the aperture in
accordance with a reflection depth of the received signals.

6. The method for determining an aperture of an ultra-
sonic diagnostic apparatus according to claim 1, wherein the
predetermined criterion includes a maximum value of a
sidelobe level and an allowable amount of reduction in
sensitivity in the case where no addition and thinning is
performed.
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