(19)

US 20100036251A1

12y Patent Application Publication (o) Pub. No.: US 2010/0036251 A1

United States

Baba

43) Pub. Date: Feb. 11,2010

(54)

(75)

(73)

@1
(22)

(30)

Aug. 11, 2008

DELAY ADJUSTMENT MODULE AND
ULTRASONIC RECEIVING BEAM FORMING
APPARATUS

Inventor: Yoshitaka Baba, Tokyo (JP)

Correspondence Address:

FITZPATRICK CELLA HARPER & SCINTO
1290 Avenue of the Americas

NEW YORK, NY 10104-3800 (US)

CANON KABUSHIKI KAISHA,
Tokyo (JP)

12/537,726

Assignee:

Appl. No.:
Filed: Aug. 7, 2009
Foreign Application Priority Data

[ 2008-206834

Jun. 30,2009  (JP) .eeveevieiiiciiiciiee 2009-155824

Publication Classification

(51) Int.CL

AGIB 8/14 (2006.01)

GO1V 13/00 (2006.01)
(52) US.CL oo 600/447; 73/1.82
(57) ABSTRACT

A delay adjustment memory is shared by two signal process-
ing channels, a signal in one signal processing channel having
a smaller delay time of the two signal processing channels is
adjusted in delay by the delay adjustment memory, and
another signal in the other signal processing channel having a
larger delay time is directly supplied to a subsequent calcu-
lation unit without passing through the delay adjustment
memory, thereby performing the ultrasonic receiving beam
forming processing.
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DELAY ADJUSTMENT MODULE AND
ULTRASONIC RECEIVING BEAM FORMING
APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to an ultrasonic beam forming
technique in an ultrasonic diagnosis apparatus.

[0003] 2. Description of the Related Art

[0004] The conventional ultrasonic diagnosis apparatus
adopts a method for transmitting ultrasonic waves to a subject
to be inspected, especially in a living body, and receiving the
returned reflective echo at a high accuracy by using an elec-
trically scanning method.

[0005] An ultrasonic diagnosis apparatus transmits and
receives ultrasonic beam through a probe with a plurality of
micro transducers arranged one-dimensionally or two-di-
mensionally. In a transmission mode, a scan direction of the
ultrasonic beam can be changed while changing a timing of
applying a voltage to each micro transducer through each
delay circuit. By changing delay time of each the delay cir-
cuits, the ultrasonic beam is scanned.

[0006] On the other hand, in a reception mode of the ultra-
sonic beam, reflective wave reflected from a target, point is
received. However, the distance from a target point to each
micro transducer is not constant. Therefore, the ultrasonic
signals reflected from the target point arrive at the respective
micro transducers at different times. Generally, in the ultra-
sonic receiving beam forming apparatus, a time lag (phase
deviation) of the ultrasonic signals arriving at the different
times is adjusted through phasing addition processing, and
the ultrasonic beam is formed. In the phasing addition pro-
cessing, an ultrasonic analog signal received by a micro trans-
ducer is amplified by an amplifier, analog-digital converted
by an AD converter, and then the ultrasonic receiving digital
signal is stored in a storing apparatus. The signal values
coming from the same receiving surface are totaled at once in
all necessary channels.

[0007] Further, in the ultrasonic receiving beam forming
apparatus, the processing referred to as apodization is per-
formed to improve the orientation of the one-dimensional or
two-dimensional probe. This is the processing of not equally
adding the echo signals received by the respective micro
transducers within the probe but attenuating the echo signals
positioned at the ends of a micro transducer array within the
probe, to add them together. As a result, a force of the ultra-
sonic signal coming from a direction other than a target direc-
tion, which is called siderobe, can be restrained and the ori-
entation of the micro transducer array can be improved.
Generally, the respective echo signals received by the respec-
tive micro transducers are multiplied by the different weight-
ing coefficients, to obtain the same effect as in the case of
multiplication by a weighting function.

[0008] Inthe phasing addition processing of digital signals,
a delay apparatus is used to adjust a delay time in every
receiving channel. As the delay apparatus, a storing apparatus
such as a First-In First-Out (FIFO) memory and a random
access memory (RAM) is used.

[0009] The conventional ultrasonic diagnosis apparatuses
aim to enhance their ability of diagnosis by obtaining much
more ultrasonic receiving signals efficiently in the least num-
ber of times of transmitting and receiving ultrasonic wave,
thereby improving the frame rate. Therefore, an ultrasonic
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receiving beam forming apparatus capable of forming mul-
tiple beams becomes necessary.

[0010] In the ultrasonic receiving beam forming apparatus
capable of forming multiple beams, each different delay
amount is adopted to every beam in every channel, and there-
fore, the configuration of the system becomes more compli-
cated than in a case of obtaining one beam. Especially, an
increase in the capacity of a memory used as the delay appa-
ratus is remarkable. When the number of channels is 128, the
maximum delay amount is 8000 clocks, and the data is 14
bits, the necessary memory capacity in the conventional ultra-
sonic receiving beam forming apparatus becomes
128x8000x14x1=14336000 b, about 14.4 Mb in a case of one
beam. When the number of channels is 128, the maximum
delay amount is 8000 clocks, and the data is 14 bits, the
necessary memory capacity in the ultrasonic receiving beam
forming apparatus capable of obtaining four beams becomes
128x8000x14x4=57344000 b, about 57.3 Mb.

[0011] In recent years, a high-speed readable/writable
memory is installed in a field programmable gate array
(FPGA) chip and FPGA chip have the ultrasonic receiving
beam forming apparatuses installed. However, a high speed
memory installed in the FPGA chip has a limit to the capacity
and therefore, an ultrasonic receiving beam forming appara-
tus configurable with a small memory capacity is required.
When the capacity of memory consumption in the ultrasonic
receiving beam forming apparatus gets smaller, much more
memory capacity can be used for another ultrasonic receiving
signal processing circuit installed in the same FPGA chip.
This improves the use efficiency of the FPGA chip and leads
to the cost reduction of the system advantageously.

[0012] Japanese Patent Application Laid-Open No. 2002-
336249 discloses a technique related to a receiving beam
forming apparatus having delay elements in a multi-stage
structure, which can process a plurality of scanning lines or
beams with a smaller memory capacity than that of the con-
ventional, ultrasonic receiving beam forming apparatus. In
the former technique where a delay adjustment memory is
arranged in every one channel, however, there are lots of
wasteful memory regions not used. When receiving an ultra-
sonic signal from a direction of the maximum scanning angle,
the largest amount of the delay adjustment memory is
required in the receiving beam forming apparatus. Also in this
case, there exist a lot of memory regions which are not used
efficiently for the delay amount adjustment.

SUMMARY OF THE INVENTION

[0013] An object of the present invention is to provide an
ultrasonic receiving beam forming apparatus capable of
forming beam with a small amount of memory capacity while
reducing the memory capacity which is not actually effec-
tively used for delay amount adjustment in the ultrasonic
signal receiving.

[0014] A delay adjustment module according to the inven-
tion is a delay adjustment module for receiving two ultrasonic
receiving signals and adjusting a time lag between the signals,
including:

[0015] a storing unit for absorbing the time lag between the
signals, and

[0016] a circuit connecting unit which switches a connec-
tion of the respective signals to a subsequent-stage circuit by
comparing delay time of the two signals, wherein

[0017] the storing unit is shared by two signal processing
channels, and
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[0018] the circuit connecting unit switches a connection so
that one signal having a smaller delay of the two signals is
output through the storing unit and the other signal having a
larger delay is output directly.

[0019] Further, a delay adjustment module according to the
invention is a delay adjustment module for receiving N (N is
integer of 3 or more) ultrasonic receiving signals and adjust-
ing a time lag among the signals, including:

[0020] a storing unit for absorbing the time lag among the
signals, and

[0021] a circuit connecting unit which switches a connec-
tion of the respective signals to a subsequent-stage circuit by
comparing delay time of the signals, wherein

[0022] there are N-1 pieces of the storing units, and
[0023] the circuit connecting unit switches a connection
depending on the delay time of each of the signals so that the
signal is output through the storing unit corresponding to the
delay time thereof or output directly.

[0024] An ultrasonic receiving beam forming apparatus
according to the invention including:

[0025] the delay adjustment module, and

[0026] an adding unit, which adds ultrasonic receiving sig-
nals after the time lag between the signals is adjusted by the
delay adjustment module.

[0027] According to the invention, it is possible to form an
ultrasonic receiving beam forming apparatus with a small
amount of memory capacity while reducing the memory
capacity which is not actually effectively used for the delay
amount adjustment in the ultrasonic signal receiving.

[0028] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 shows an example of the configuration of an
ultrasonic receiving beam forming apparatus according to a
first embodiment.

[0030] FIG. 2 shows an example of the configuration of the
ultrasonic receiving beam forming apparatus according to the
first embodiment.

[0031] FIG. 3 shows an example of the configuration of the
ultrasonic receiving beam forming apparatus according to the
first embodiment.

[0032] FIG. 4 shows an example of the configuration of an
ultrasonic receiving beam forming apparatus according to a
second embodiment.

[0033] FIG. 5 shows an example of the configuration of the
ultrasonic receiving beam forming apparatus according to the
second embodiment.

[0034] FIG. 6 shows an example of the configuration of the
ultrasonic receiving beam forming apparatus according to the
second embodiment.

[0035] FIG. 7 shows an example of the configuration of an
ultrasonic receiving beam forming apparatus according to a
third embodiment.

[0036] FIG. 8 shows an example of the configuration of the
ultrasonic receiving beam forming apparatus according to the
third embodiment.

[0037] FIG. 9 shows an example of the process of signal
processing in the ultrasonic diagnosis apparatus.

[0038] FIG.10 shows an example of the configuration of an
ultrasonic image creating system according to a fourth
embodiment.
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[0039] FIG. 11 shows an example of the configuration of a
delay adjustment memory control circuit according to the
fourth embodiment.

[0040] FIG. 12 shows an example of the configuration of a
weighting coefficient supplying circuit.

[0041] FIG. 13 shows an example of the connected state of
the units according to the fourth and fifth embodiments.
[0042] FIG. 14 shows an example of the connected state of
the units according to the fourth embodiment.

[0043] FIG. 15 shows an example of the configuration of a
delay adjustment memory control circuit according to the
fifth embodiment.

[0044] FIG. 16 shows an example of the configuration of
the delay adjustment memory control circuit according to the
fifth embodiment.

[0045] FIG. 17 shows an example of the connected state of
the units according to the fifth embodiment.

[0046] FIG. 18 shows an example of the connected state of
the units according to the fifth embodiment.

[0047] FIG. 19 shows an example of the configuration of an
NA-NB order comparing circuit according to the fifth
embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0048] FIG.9isa flow chart of an example of the process of
signal processing for obtaining a B mode image in an ultra-
sonic diagnosis apparatus. The received analog echo signal is
amplified (S1) by a Low Noise Amplifier and a Variable Gain
Amplifier, and then converted into digital by analog digital
conversion (S2). Thereafter, it is subjected to the phasing
addition processing (delay control (83), apodization (S4),
addition (S5)), the logarithmic compression (S6), and the
envelope detection (S7), hence to create an A mode waveform
(S8) and further to build a B mode image. The ultrasonic
receiving beam forming apparatus according to the invention
is used for the phasing addition processing (S3 to S5) shown
in FIG. 9. It is needless to say that the ultrasonic receiving
beam forming apparatus according to the invention can be
used in the phasing addition processing in a flow of signal
processing other than shown in FIG. 9.

[0049] Hereinafter, embodiments according to the inven-
tion will be described in detail with reference to the drawings.

First Embodiment

[0050] FIG. 1 shows the configuration of an ultrasonic
receiving beam forming apparatus for two channels accord-
ing to a first embodiment of the invention.

[0051] This ultrasonic receiving beam forming apparatus
12 includes an AD converter 1 connected to the channel 1 and
an AD converter 2 connected to the channel 2. Further, it
includes a delay adjustment module 11 for adjusting a delay
time between the both channels. It further includes multipli-
ers 7 and 8 for performing the apodization processing on the
delay adjusted signal to improve the orientation and an adder
9 for adding the signals of the both channels.

[0052] The delay adjustment module 11 includes a multi-
plexer 3 which connects either the output of the AD converter
1 or the output of the AD converter 2 to a delay adjustment
memory 4, by comparison of delay time between the channel
1 and the channel 2. Here, the delay time means a time taken
for the transmitted ultrasonic wave to arrive at a target point,
being reflected there, and to arrive at the ultrasonic receiving
element.
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[0053] Further, it includes a multiplexer 5 which connects
either the output of the AD converter 1 or the output of the
delay adjustment memory 4 to the multiplier 7 for the channel
1, by comparison of the delay time between the channel 1 and
the channel 2. It further includes a multiplexer 6 which con-
nects either the output of the AD converter 2 or the output of
the delay adjustment memory 4 to the multiplier 8 for the
channel 2, by comparison of the delay time between the
channel 1 and the channel 2. It includes an adder 9 which adds
the output results of the multiplier 7 and the multiplier 8. The
delay adjustment memory may be formed by using a FIFO
memory (First-In First-Out memory) or a random access
memory. The delay adjustment memory 4 corresponds to the
storing unit of the invention and the multiplexers 3, 5, and 6
correspond to the circuit connecting unit of the invention.

[0054] The ultrasonic receiving data received in the respec-
tive channels are supplied to the AD converters 1 and 2 and
sampled there. The sampled data from the AD converters 1
and 2 should be adjusted in the delay time, to obtain beam
from a desired direction. Here, the multiplexers 3, 5, and 6
receive a signal of the comparison result as the result of
comparing the delay time of the sampled data received from
the channel 1 with that from the channel 2. According to the
comparison result, a channel having a smaller delay of the
channels 1 and 2 is connected to the delay adjustment
memory 4 and the other channel having a larger delay is
directly connected to the multipliers 7 and 8. A delay time is
supplied from, a delay time storing memory, that is a periph-
eral circuit of the ultrasonic receiving beam forming appara-
tus, or a delay time calculation circuit (not illustrated) and the
comparison of the delay time is performed by a comparator
(comparing circuit). The comparator (comparing circuit)
compares the size of the delay time data given to the channel
1 with that of the channel 2 and supplies a selection signal
including the connection information to the multiplexer.
According to this, such a signal that has a smaller delay time
of the two signals and first arrives at the receiving element is
passed to the delay adjustment memory 4, thereby making it
possible to adjust a time lag between signals.

[0055] More specifically, each distance from a target point
to each ultrasonic receiving element is various and each
period of time (delay time) taken for each ultrasonic receiving
signal reflected from a target point to arrive at the respective
ultrasonic receiving elements or the respective ultrasonic
receiving channels, is various. Therefore, the ultrasonic
receiving beam forming apparatus detects an ultrasonic
receiving signal reflected from a target point while adjusting
each delay time of the signals received from the respective
ultrasonic receiving elements. The delay time is adjusted also
on the respective channels of the ultrasonic receiving beam
forming apparatus shown in FIG. 1, to obtain an ultrasonic
receiving signal reflected from a target point. Here, in the
invention, a comparison of the delay time is performed
between the adjacent two channels. The data in a channel
having a smaller delay of the two channels or a channel
positioned nearer to a target point is supplied to the delay
adjustment memory 4 and further supplied to a circuit in the
subsequent-stage through the delay adjustment memory 4.
The delay adjustment memory 4 needs to have a capacity
enough to store the ultrasonic receiving digital data only for
the delay difference between the two channels to enable this
delay adjustment. While, the data in the other channel having
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a larger delay or the other channel positioned at a distance
from the target point is directly supplied to a circuit in the
subsequent-stage.

[0056] Thecircuitoperation will be described, for example,
in a case where the channel 1 is nearer to the target point, than
the channel 2, or where the delay time of the channel 1 is
shorter than that of the channel 2. Here, the output, of the AD
converter 1 for the channel 1 is connected to the delay adjust-
ment memory 4, and the output of the delay adjustment
memory 4 is connected to the multiplier 7 for the channel 1,
through the multiplexers 3 and 5. On the other hand, the
output of the AD converter 2 for the channel 2 is directly
connected, to the multiplier 8 for the channel 2 through the
multiplexers 3 and 6. In this situation of the connection, the
ultrasonic receiving digital data arriving at the channel 1 is
accumulated in the delay adjustment memory 4. The ultra-
sonic receiving signal arriving at the channel 2 is directly
supplied to the multiplier 8, where a weighting coefficient for
apodization is attached to the signal. The receiving digital
data in the channel 1 is read out from the delay adjustment
memory 4 so that the multiplier 7 may attach a weighting
coefficient for apodization to the receiving signal received in
the channel 1 at the same timing as the above. The ultrasonic
receiving signals with the delay time adjusted and the weight-
ing coefficients for apodization attached by the multipliers 7
and 8 are added together in the adder 9.

[0057] FIG. 2 shows the configuration of the ultrasonic
receiving beam forming apparatus in which the circuit of FIG.
1is used in a case where the number of channels is more than
two. As illustrated in FIG. 2, the circuits of FIG. 1 are formed
in multi stages, and the signals in all the channels are phased
and added. The multipliers for apodization processing are
provided only in the first stage and no multiplier is used in the
second stage and the later.

[0058] The delay adjustment modules 11-1 to 11-7 con-
nected in the next stage after the adders 9-1 to 9-8 should be
provided with delay adjustment memories each having a
capacity enough to adjust a delay time between the adjacent
signal processing channels. Namely, each of the delay adjust-
ment memories 4-9 to 4-15 of the respective delay adjustment
modules 11-1 to 11-7 needs to have a capacity enough to store
the ultrasonic receiving digital data for the maximum delay
difference (the ultrasonic receiving digital data correspond-
ing to a maximum difference of delay time) between the
adjacent signal processing channels. According to this struc-
ture, it is possible to adjust the delay time for all the channels
finally.

[0059] For example, the delay adjustment modules 11-1 to
11-4 positioned in the next stage after the adders 9-1 to 9-8
should adjust each delay time difference of the signals added
and supplied by the delay adjustment modules 12-1 to 12-8
positioned in the first stage. Each of the delay adjustment
memories 4-9 to 4-12 needs to have a memory capacity
enough to store the ultrasonic digital data for a delay differ-
ence between the two channels. The delay adjustment mod-
ules 11-5 and 11-6 positioned in the further next stage after
the adders 13-1 to 13-4 should adjust each delay time differ-
ence between the signals added and supplied by the delay
adjustment modules 11-1 to 11-4. Then, each of the delay
adjustment memories 4-13 and 4-14 needs to have a memory
capacity enough to adjust the delay time for four channels.
[0060] According to this structure, the capacity of the delay
adjustment memory used in the ultrasonic receiving beam
forming apparatus can be reduced much more than in the



US 2010/0036251 Al

conventional example. In a case of the ultrasonic receiving
beam forming apparatus having, for example, 128 channels,
this embodiment enables the phasing addition processing
with some percent of the capacity of the delay adjustment
memory used in the conventional ultrasonic receiving beam
forming apparatus.

[0061] A necessary memory capacity will be calculated in
the first embodiment of the invention. Assume that the num-
ber of channels is 126, the maximum delay amount is 8000
clocks, data is 14 bits, and one beam is obtained with equal
delay time between the channels. In this case, the memory
capacity of 64x(8000/128)x14=56448 b, about 56.4 Kb is
required in every one adding stage. According to the first
embodiment of the invention, six adding stages are generated
in a case of the 128 channels and a total of the necessary
memory capacity becomes 56448 bx6=338688 b, about 339
Kb. This is about 2.4% of the memory capacity in the con-
ventional example.

[0062] Further, by operating the ultrasonic receiving beam
forming apparatus at the clock frequency several times more
than the sampling frequency in the ultrasonic diagnosis appa-
ratus, a plurality of beams can be obtained. For example, in
the case of that the sampling frequency of the ultrasonic
diagnosis apparatus is 40 MHz, when the ultrasonic receiving
beam forming apparatus can be operated at 160 MHz, four
times more than the above, four beams can be obtained
through one transmission and reception, thereby improving
the frame rate.

[0063] The ultrasonic receiving beam forming apparatus,
however, has a limit to the operation frequency. When a user
wants to obtain the number of beams (multiple beams) more
than the number of (the maximum operation frequency/sam-
pling frequency in the ultrasonic receiving beam forming
apparatus), a plurality of the ultrasonic receiving beam form-
ing apparatuses may be installed in parallel, as illustrated in
FIG. 3 (29-1 to 29-N). In this case, it is not necessary to
arrange the AD converters in parallel but a plurality of ultra-
sonic receiving beam forming apparatuses 29-1 to 29-N may
share an AD converter group 30 and a plurality of the struc-
tures 29 subsequent to the AD converters of the ultrasonic
receiving beam forming apparatuses may be arranged in par-
allel. The output 31 from the AD converter group 30 may be
distributed to the respective ultrasonic receiving beam form-
ing apparatuses 29-1 to 29-N through distribution channels
32-1to 32-N.

[0064] According to the first embodiment of the invention,
since the capacity of the delay adjustment memory in the
ultrasonic receiving beam forming apparatus is small, the
number of the ultrasonic receiving beam forming apparatuses
that can be installed in parallel, within the FPGA chip can be
increased. When it is compared with the conventional
example, much more beams can be obtained with the same
memory capacity. Also in the conventional example, the num-
ber of the beams that can be obtained from one ultrasonic
receiving beam forming apparatus has the upper limit of the
value of the maximum operation frequency/sampling fre-
quency of the ultrasonic receiving beam forming apparatus. A
memory capacity usable as the delay adjustment memory is
restricted; therefore, according as the delay adjustment
memory capacity gets smaller in one ultrasonic receiving
beam forming apparatus, the number of the ultrasonic receiv-
ing beam forming apparatuses that could be arranged in par-
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allel can be increased. This results in increasing the number of
the beams that can be obtained.

Second Embodiment

[0065] FIG. 4 shows asecond embodiment of the invention.
In the first embodiment, a FIFO memory or a RAM of single
port is used as the delay adjustment memory 4; however, in
this embodiment, a circuit is formed using a RAM of dual
port.

[0066] Inthe ultrasonic diagnosis apparatus, the ultrasonic
receiving beam forming apparatus is installed using the Field
programmable Gate Array (FPGA) in many cases. The recent
FPGA chip often has a high-speed writable and readable
RAM mounted there and the mounted RAM can be used as a
dual port memory. In this case, the delay adjustment memory
4 and the multiplexer 3 in FIG. 1 are replaced with a dual port
memory 18 mounted in the FPGA chip), thereby realizing the
same operation as that of the circuit shown in FIG. 1.

[0067] Theultrasonic receiving data received in the respec-
tive channels are supplied to the AD converters 1 and 2 and
sampled there. The sampled data from the AD converters 1
and 2 should be adjusted in the delay time to obtain beam
from a desired direction. Here, the dual port memory 18 and
the multiplexers 5 and 6 receive a signal of the comparison
result as the result of comparing the delay time of the sampled
data received from the channel 1 with that from the channel 2.
According to the comparison result, the data in a channel
having a smaller delay is supplied to the dual port memory 18,
while the data in the other channel having a larger delay is
directly supplied to the multipliers 7 and 8. A delay time is
supplied from a delay time storing memory, that is a periph-
eral circuit of the ultrasonic receiving beam forming appara-
tus, or adelay time calculation circuit, (not illustrated) and the
comparison of the delay time is performed by a comparator
(comparing circuit). The comparator (comparing circuit)
compares the size of the delay time data given to the channel
1 with that of the data given to the channel 2 and supplies a
selection signal including the connection information to the
multiplexer. According to this, such a signal that has a smaller
delay time and first arrives at the receiving element is passed
to the dual port memory 18, thereby making it possible to
adjust a time lag between signals.

[0068] FIG. 5 shows the configuration of the ultrasonic
receiving beam forming apparatus in which the circuit of FIG.
4 is used in a case where the number of channels is more than
two. The delay adjustment modules 24-1 to 24-7 connected in
the next stage after the adders 9-1 to 9-8 should be provided
with delay adjustment memories each having a capacity
enough to adjust a delay time between the adjacent ultrasonic
receiving beam forming apparatuses. According to this struc-
ture, it is possible to adjust the delay time for all the channels
finally.

[0069] For example, the delay adjustment modules 24-1 to
24-4 positioned in the next stage after the adders 9-1 to 9-8
should adjust each delay time difference of the signals added
and supplied by the delay adjustment modules 25-1 to 25-8
positioned in the first stage. Each of the delay adjustment
memories 18-9 to 18-12 needs to have a memory capacity
capable of adjusting the delay time for the two channels. The
delay adjustment modules 24-5 to 24-6 positioned in the
further next stage after to the adders 26-1 to 26-4 should
adjust each delay time difference between the signals added
and supplied by the delay adjustment modules 24-1 to 24-4.
Then, each of the delay adjustment memories 18-13 and
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18-14 needs to have a memory capacity capable of adjusting
the delay time for four channels.

[0070] According to this structure, the capacity of the delay
adjustment memory used in the ultrasonic receiving beam
forming apparatus can be reduced much more than in the
conventional example. A necessary memory capacity will be
calculated in the second embodiment, of the invention.
Assume that the number of channels is 128, the maximum
delay amount is 8000 clocks, data is 14 bits, and one beam is
obtained with equal delay time between the channels. In this
case, the memory capacity of 64x(8000/128)x14 b=56448 b,
about 56.4 Kb is required in every one adding stage. Accord-
ing to the second embodiment of the invention, six adding
stages are generated in a case of the 128 channels and a total
of the necessary memory capacity becomes 56448
bx6=338688 b, about 339 Kb. This is about 2.4% of the
memory capacity in the conventional example.

[0071] Further, by operating the ultrasonic receiving beam
forming apparatus at the clock frequency several times more
than the sampling frequency in the ultrasonic diagnosis appa-
ratus, a plurality of beams can be obtained. In the case of that
the sampling frequency of the ultrasonic diagnosis apparatus
is, for example, 40 MHz, when the ultrasonic receiving beam
forming apparatus can be operated at 160 MHz, four times
more than the above, four beams can be obtained through one
transmission and reception, thereby improving the frame rate.
[0072] The ultrasonic receiving beam forming apparatus,
however, has a limit to the operation frequency. When a user
wants to obtain the number of beams more than the number of
the maximum operation frequency/sampling frequency in the
ultrasonic receiving beam forming apparatus, a plurality of
the ultrasonic receiving beam forming apparatuses may be
installed in parallel, as illustrated in FIG. 6 (33-1 to 33-N). In
this case, it is not necessary to arrange the AD converters in
parallel but a plurality of ultrasonic receiving beam forming
apparatuses 33-1 to 33-N may share an AD converter group
34 and a plurality of the structures 33 subsequent to the AD
converters of the ultrasonic receiving beam, forming appara-
tuses may be arranged in parallel. The output 35 from the AD
converter group 34 may be distributed to the respective ultra-
sonic receiving beam forming apparatuses 33-1 to 33-N
through distribution channels 36-1 to 36-N.

[0073] According to the second embodiment of the inven-
tion, the capacity of the delay adjustment memory in the
ultrasonic receiving beam forming apparatus can be
decreased. Therefore, similarly to the first embodiment, when
it is compared with the conventional example, much more
beams can be obtained with the same memory capacity.

Third Embodiment

[0074] FIG. 7 shows a third embodiment, of the invention.
Although the first and second embodiments perform the ultra-
sonic beam forming by comparison of the delay time between
the two channels, the number of channels is not limited to
two. FIG. 7 shows an example of using three channels, in
which two delay adjustment memories are used. A delay
adjustment memory 41 has a capacity capable of adjusting the
delay time for two channels and a delay adjustment memory
42 has a capacity capable of adjusting the delay time for one
channel. In this embodiment, delay time is compared among
three channels by a comparator (comparing circuit), a channel
having the smallest delay is connected to the delay adjustment
memory 41, and another channel having the second smallest
delay is connected to the delay adjustment memory 42. The
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channel having the largest delay is connected not to the delay
adjustment memory but directly to a subsequent-stage circuit.
According to this structure, it is possible to adjust, the delay
time for all the channels finally. The connection is controlled
by switching circuits 40 and 62 according to the output from
the comparator (comparing circuit).

[0075] Alternatively, as illustrated in FIG. 8, four channels
may be used. Generally speaking, when the number of chan-
nels is N (N is the integer of 3 or more), (N-1) pieces of delay
adjustment memories are used and the connection of the
respective signals to the subsequent-stage circuits is switched
according to each delay time of the signals in the respective
channels. The N-1 delay adjustment memories respectively
have a capacity capable of adjusting the delay time for the
maximum delay difference among two to N signals. The
switching circuit connects a signal having the smallest delay
to the delay adjustment memory having the maximum capac-
ity and connects a signal having the second smallest delay to
the delay adjustment memory having the second largest
capacity, and outputs a signal having the largest delay directly
to the subsequent-stage circuit.

[0076] A necessary memory capacity will be calculated in
a case of adopting the structure shown in FIG. 8 to this
embodiment. Assume that the number of channels is 128, the
maximum delay amount is 8000 clocks, data, is 14 bits, and
one beam is obtained with equal delay time among the chan-
nels. In this case, in every four channels, three delay adjust-
ment memories, that are a delay adjustment memory 52 for
three channels, a delay adjustment memory 53 for two chan-
nels, arid a delay adjustment memory 54 for one channel, are
arranged. Therefore, the first adding stage requires a memory
capacity of (3+2+1)x128/4x(8000/128)x14 b=168000 b, 168
Kb. The second adding stage requires a memory of (12+8+
4)x(8000/128)x14 b=21000 b, 21 Kb, in every four signal
channels in a case of adopting the configuration of adjusting
delay collectively in the four signal channels. Therefore, the
second adding stage requires a memory capacity of a total of
21 Kbx128/4/4=168 Kb. The third adding stage requires a
memory capacity of (48+32+16)x(8000/128)x14 b=84000 b,
84 Kb, in every four signal channels in a case of the configu-
ration of adjusting delay collectively in the four signal chan-
nels. Therefore, the third adding stage requires a memory
capacity of a total of 84 Kbx128/4/4/4=168 Kb. In the final
adding stage, delay adjustment is performed on two signal
channels and it requires a memory of 128/2x(8000/128)x14
b=56000b, 56 Kb. According to the third embodiment of the
invention, in a case of 128 channels, the total sum of the
required memory capacity becomes 168 Kb+168 Kb+168
Kb+56 Kb=560 Kb. This is about 3.9% of the memory capac-
ity of 14.4 Mb in the conventional example.

[0077] Further, it is needless to say that similarly to the first
and second embodiments, a plurality of beams can be
obtained also in a case of the ultrasonic receiving beam,
forming apparatus according to the third embodiment of the
invention. Also in this embodiment, the ultrasonic receiving
beam forming apparatus may be operated at the clock fre-
quency several times more than the sampling frequency and a
plurality of the ultrasonic receiving beam forming appara-
tuses may be installed in parallel.

Fourth Embodiment

[0078] FIG. 10 is a view showing the configuration of an
ultrasonic image creating system 70 using the ultrasonic
receiving beam forming apparatus according to the present
invention.
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[0079] The ultrasonic image creating system 70 has a probe
71, an AD converter 72, an ultrasonic receiving beam forming
apparatus 73, a signal processing unit 74, an image process-
ing unit 75, an image display unit 76, and a control CPU 79.
In this embodiment, the ultrasonic receiving beam forming
apparatus 73 includes an ultrasonic receiving beam forming
unit 730 (the ultrasonic receiving beam forming apparatus
having been described in the first to the third embodiments),
a delay adjustment memory control circuit 77 (77-1 to 77-T),
and a weighting coefficient supplying circuit 100 (100-1 to
100-X). In this embodiment, a delay adjustment module of
the ultrasonic receiving beam forming unit 730 is to receive
two ultrasonic receiving signals and adjust a time lag between
the signals.

[0080] The received ultrasonic signal (ultrasonic receiving
data; ultrasonic receiving signal) is converted into an analog
electrical signal by the probe 71, and further converted into
digital signal by the AD converter 72. The digital receiving
signal is subjected to the phasing addition processing by the
ultrasonic receiving beam forming unit 730, and further sub-
jected to the logarithmic compression/envelope detection
processing by the signal processing unit 74. The output data
of the signal processing unit 74 (the signal subjected to the
logarithmic compression/envelope detection processing) is
supplied to the image processing unit 75, where the data
becomes image data after several processing necessary for
image creation. The image display unit 76 creates an ultra-
sonic image from the image data created by the image pro-
cessing unit 75 and displays the same. The control CPU 79
supplies data or control signal necessary for controlling each
block. The delay adjustment memory control circuits 77-1 to
77-T control the respective timings of writing and reading the
received signals into and from the delay adjustment memories
in the ultrasonic receiving beam forming unit 730, based on
the delay data (delay amount information) indicating the
delay time of each ultrasonic receiving signal entered from
the control CPU 79. Here, the alphabet T indicates the number
of the delay adjustment memories existing in the ultrasonic
receiving beam forming unit 730. The weighting coefficient
supplying circuits 100-1 to 100-X supply the respective
weighting coefficients to the multipliers within the ultrasonic
receiving beam forming unit 730, according to the weighting
coefficient data for apodization entered from the control CPU
79. Here, the alphabet X indicates the number of the multi-
pliers for apodization existing in the ultrasonic receiving
beam forming unit 730.

[0081] FIG. 11 is a view showing the configuration of the
delay adjustment memory control circuit 77.

[0082] The delay adjustment memory control circuit 77
includes delay amount information input/output control cir-
cuits 81 (81-1 and 81-2), delay amount information memories
82(82-1 and 82-2), comparators 83 and 84, a reading signal
output circuit 85, a writing signal output circuit 86, and mul-
tiplexers 87 and 88.

[0083] The delay amount information memory 82 stores
the delay amount information supplied from the control CPU
79. The delay amount, information input/output control cir-
cuit 81 controls writing and reading of the delay amount
information into and from the delay amount information
memory 82. The writing signal output circuit 86 supplies a
control signal (control data; writing signal 89) for instructing
writing of the ultrasonic receiving data into the delay adjust-
ment memory, to the delay adjustment memory. The com-
parator 83 makes a comparison between the respective delay
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times (the respective delay amount information correspond-
ing to the Chl and the Ch2) of the ultrasonic data entered in
the Ch1 and the Ch2 and supplies a MUX select signal 90 as
the comparison result. The multiplexer 87 supplies the
smaller one of the delay amount information corresponding
to the Ch1 and the Ch2, according to the MUX select signal
90. The multiplexer 88 supplies the larger one of the delay
amount information corresponding to the Chl and the Ch2,
according to the MUX select signal 90. The comparator 84
compares the larger one of the delay amount information
corresponding to the Chl and the Ch2 with the elapse time
(receiving phase elapsed time) from transmission of ultra-
sonic wave, and supplies a reading starting trigger to the
reading signal output circuit 85 when the above both values
are in one accord. Upon receipt of the reading starting trigger,
the reading signal output circuit 85 supplies the control signal
(control data; reading signal 91) for instructing the reading of
the ultrasonic receiving data from the delay adjustment
memory, to the delay adjustment memory.

[0084] FIG. 12 is a view showing the configuration of the
weighting coefficient supplying circuit 100.

[0085] The weighting coefficient supplying circuit 100
includes a weighting coefficient data input/output control
circuit 102, a weighting coefficient data memory 103, and a
weighting coefficient output circuit 101.

[0086] The weighting coefficient data memory 103 stores
the weighting coefficient data supplied from the control CPU
79. The weighting coefficient data input/output control circuit
102 controls writing and reading of the weighting coefficient
data into and from the weighting coefficient data memory
103. The weighting coefficient output circuit 101 supplies a
signal necessary for apodization (data; weighting coefficient)
to the multiplier, according to the weighting coefficient data
supplied from the weighting coefficient data memory 103.

[0087] FIG.13 is aview showing how the delay adjustment
memory control circuit 77 and the weighting coefficient sup-
plying circuits 100 are connected to the ultrasonic receiving
beam forming unit (ultrasonic receiving beam forming appa-
ratus 12). The MUX select signal 90 of the delay adjustment
memory control circuit 77 is connected to the multiplexers 3,
5, and 6, hence to control the connection state of the multi-
plexers. The writing signal 89 and the reading signal 91 are
connected to the delay adjustment memory 4, thereby to
control writing and the reading of the ultrasonic receiving
data into and from the delay adjustment memory 4. The
weighting coefficient supplying circuits 100-1 and 100-2 are
connected to the multipliers 7 and 8 respectively.

[0088] FIG. 14 is a view showing how the delay adjustment
memory control circuits 77 and the weighting coefficient
supplying circuits 100 are connected to the ultrasonic receiv-
ing beam forming units 730. Here, it shows the case of a 16
channel system having been described in FIG. 2 as the
example of the first embodiment of the invention.

[0089] One delay adjustment memory control circuit 77
and two weighting coefficient supplying circuits 100 are
arranged for the respective ultrasonic receiving beam forming
apparatuses 12-1 to 12-8 (for two channels). One delay
adjustment memory control circuit 77 is arranged in the
respective delay adjustment modules 11-1 to 11-7. Therefore,
in this case, the value of T is 15 and the value of X is 16.
[0090] The operation of the ultrasonic receiving beam
forming apparatus 73 according to the fourth embodiment
will be described more specifically.
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[0091] With reference to FIG. 13, a case where the delay
amount information is 90 in the Chl and 200 in the Ch2, will
be described.

[0092] The delay adjustment memory control circuit 77
(delay adjustment memory control circuit 77-1) supplies the
MUX select signal 90 depending on the delay amount infor-
mation in the Ch1 and the Ch2. The multiplexers 3, 5, and 6
switch a connection of the receiving signal to a subsequent-
stage circuit according to the MUX select signal 90. More
specifically, according to the MUX select signal 90, the Chi is
connected to the delay adjustment memory 4 and the Ch2 is
connected to the multiplier 8. Further, the delay adjustment
memory 4 is connected to the multiplier 7.

[0093] The delay adjustment memory control circuit 77
supplies the writing signal 89 to the delay adjustment
memory 4. Thus, the ultrasonic receiving data in the Ch1 is
written into the delay adjustment memory 4. The delay
adjustment memory control circuit 77 supplies the reading
signal 91 to the delay adjustment memory 4 at the timing
when the ultrasonic wave reflected from a target point is
received in the Ch2 (the timing when the delay information
corresponding to the Ch2 corresponds with the receiving
phase elapsed time). According to this, the ultrasonic receiv-
ing data of the Ch1 written in the delay adjustment memory 4
is read out. Then, the ultrasonic receiving data of the Chl and
the Ch2 is supplied to the multipliers 7 and 8 at the same time.
The multipliers 7 and 8 multiply the respective ultrasonic
receiving data of the Chl and the Ch2 by the respective
weighting coefficients supplied from the weighting coeffi-
cient supplying circuits 100-1 and 100-2. The outputs from
the multipliers 7 and 8 are added together in the adder 9.
[0094] According to the above processing, the phasing
addition of the Chl and the Ch2 is performed.

[0095] Next, the description will be made with reference to
FIG. 14.

[0096] The ultrasonic receiving beam forming apparatuses
12-2 to 12-8 are controlled in the similar way as that of the
ultrasonic receiving beam forming apparatus 12-1 having
been described in the above; therefore, its description is omit-
ted here (the delay adjustment memory control circuits 77-2
to 77-8 and the weighting coefficient supplying circuits 100-3
to 100-16 are used to control them). The phasing addition
results (ultrasonic receiving data) of the ultrasonic receiving
beam forming apparatuses 12-1 to 12-8 are passed to the
delay adjustment modules 11-1 to 11-4.

[0097] The outputs of the ultrasonic receiving beam form-
ing apparatuses 12-1 and 12-2 are phased and added in the
delay adjustment module 11-1. Assume that the output time
(from transmission of ultrasonic to the output of the phasing
addition result) of the phasing addition result of the ultrasonic
receiving beam forming apparatus 12-1 is 210 and the output
time of the phasing addition result of the ultrasonic receiving
beam forming apparatus 12-2 is 250. These output times may
be stored in the control CPU 79 in advance or they may be
calculated based on the delay amount information of the Ch1
to the Ch4.

[0098] The delay adjustment memory control circuit 77-9
compares the output time (output timing) of the phasing addi-
tionresult of the ultrasonic receiving beam forming apparatus
12-1 with that of the ultrasonic receiving beam forming appa-
ratus 12-2, and supplies the MUX select signal for connecting
the phasing addition result supplied earlier, to the delay
adjustment memory 4-9. According to this, the output of the
ultrasonic receiving beam forming apparatus 12-1 is con-
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nected to the delay adjustment memory 4-9 and the output of
the ultrasonic receiving beam forming apparatus 12-2 is con-
nected to the adder 13-1. The delay adjustment memory 4-9 is
connected to the adder 13-1.

[0099] The delay adjustment memory control circuit 77-9
supplies the writing signal 89-9 to the delay adjustment
memory 4-9. According to this, the phasing addition result of
the ultrasonic receiving beam forming apparatus 12-1 is writ-
ten in the delay adjustment memory 4-9.

[0100] The delay adjustment memory control circuit 77-9
supplies the reading signal 91-1 to the delay adjustment
memory 4-9 at the timing when the phasing addition result
from the ultrasonic receiving beam forming apparatus 12-2 is
supplied. According to this, the phasing addition result of the
ultrasonic receiving beam forming apparatus 12-1 written in
the delay adjustment memory 4-9 is read out. Then, the phas-
ing addition result of the ultrasonic receiving beam forming
apparatus 12-1 and the phasing addition result of the ultra-
sonic receiving beam forming apparatus 12-2 are simulta-
neously supplied to the adder 13-1 and added together there.
[0101] According to the above processing, the phasing
addition of the Chl to Ch4 is performed.

[0102] Thedelay adjustment modules 11-2 to 11-4 are con-
trolled in the similar way as the above mentioned delay
adjustment module 11-1; therefore, the description is omitted
(the delay adjustment memory control circuits 77-10 to 77-12
are used to control them). The phasing addition results of the
delay adjustment modules 11-1 to 11-4 are passed to the delay
adjustment modules 11-5 and 11-6.

[0103] The respective timings of writing and reading of a
signal into and from the delay adjustment memories of the
delay adjustment modules 11-5 and 11-6 is controlled accord-
ing to the respective delay adjustment memory control cir-
cuits 77-13 and 77-14. Specifically, the timing of writing and
reading of a signal into and from the delay adjustment
memory of the delay adjustment module 11-5 is controlled
according to the output timing of the phasing addition results
from the delay adjustment modules 11-1 and 11-2. The timing
of writing and reading of a signal into and from the delay
adjustment memory of the delay adjustment module 11-6 is
controlled according to the output timing of the phasing addi-
tion results from the delay adjustment modules 11-3 and 11-4.
[0104] Further, the timing of writing and reading a signal
into and from the delay adjustment memory of the delay
adjustment module 11-7 is controlled by the delay adjustment
memory control circuit 77-15, according to the output timings
of the phasing addition results from the delay adjustment
modules 11-5 and 11-6.

[0105] According to the above-mentioned operation, the
phasing addition is performed in the ultrasonic receiving
beam forming apparatus 73.

[0106] Although the timing of supplying the writing signal
89 is not described in the embodiment, the writing signal 89
may be always supplied or it may be supplied based on the
delay amount information (not illustrated).

Fifth Embodiment

[0107] In this embodiment, the respective signals are
switched according to a control of the circuit connecting unit
(multiplexers 4, 5, and 6), based on the comparison results
between the respective delay amount information of the
respectively received signals and the receiving phase elapsed
time. The timing of writing and reading the ultrasonic receiv-
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ing signal into and from the delay adjustment memory is
controlled based on the comparison results.

[0108] FIG. 15 is a view showing the configuration of the
delay adjustment memory control circuit 110 according to the
fitth embodiment of the invention.

[0109] The delay adjustment memory control circuit 110
includes delay amount information input/output control cir-
cuits 111 (111-1 and 111-2), delay amount information
memories 112 (112-1 and 112-2), comparators 113 (113-1
and 113-2), an OR circuit 114, an NA-NB order comparing
circuit 115, and a multiplexer 116.

[0110] The delay amount information memory 112 stores
the delay amount, information supplied from the control CPU
79. The delay amount information input/output control circuit
111 controls writing and reading of the delay amount infor-
mation into and from the delay amount information memory
112. The respective comparators 113-1 and 113-2 compare
the respective delay amount information of the ultrasonic date
entered in the Chl and the Ch2 with the receiving phase
elapsed time and supply the respective comparison result
signals 132 and 133 as the comparison result. Specifically, the
initial state of the comparison result signal is “L”” and the
comparison result signal is switched from “L” to “H” at the
timing when the receiving phase elapsed time corresponds
with the delay amount information.

[0111] The NA-NB order comparing circuit 115 deter-
mines which of the comparison result signals 132 and 133
first turns into “H” and supplies the MUX select signal 118 as
the determination result. Namely, the contents of the MUX
select signal 118 are changed depending on which of the Ch1
and the Ch2 the ultrasonic receiving signal first arrives at.
[0112] The multiplexer 116 instructs reading of the ultra-
sonic receiving signal from the delay adjustment memory at
the later timing of the two timings when the respective delay
times of the two received ultrasonic receiving signals corre-
sponds with the receiving phase elapsed time. Specifically,
according to the MUX select signal 118, the multiplexer 116
supplies a signal which gets “H” later, of the comparison
result signals 132 and 133, as the reading signal 119. It is
assumed that in this embodiment, the reading processing is
performed when the “H” is supplied as the reading signal 119
and that the reading processing is not performed when the “L”
is supplied. According to the structure, it is possible to read
the ultrasonic receiving signal from the delay adjustment
memory smoothly.

[0113] The OR circuit 114 instructs writing of the ultra-
sonic receiving signal into the delay adjustment memory at
the timing when at least one delay time of the received two
ultrasonic receiving signals corresponds with the receiving
phase elapsed time. Specifically, the OR circuit 114 supplies
the OR result of the comparison result signals 132 and 133 as
the writing signal 117. Namely, at the timing when one of the
comparison result signals 132 and 133 gets “H”, the writing
signal 117 becomes “H”. In this embodiment, it is assumed
that when the writing signal 117 of “H” is supplied, the
writing processing is performed and that when “L” is sup-
plied, the writing processing is not performed. According to
the structure, it is possible to write the ultrasonic receiving
signal into the delay adjustment memory smoothly.

[0114] The connection state of the delay adjustment
memory control circuit 110, the weighting coefficient supply-
ing circuit 100, and the ultrasonic receiving beam forming
apparatus 12 is similar to that of the fourth embodiment (FIG.
13) and therefore the description is omitted.

Feb. 11, 2010

[0115] FIG. 16 is a view showing the configuration of the
delay adjustment memory control circuit 120 which is
arranged in the delay adjustment module 11 in the M stage
(M is the integer of 2 or more) when the ultrasonic receiving
beam, forming apparatus is formed in a multi-stage structure
as shown in FIG. 2. The delay adjustment memory control
circuit 120 is formed by a part of the delay adjustment
memory control circuit 110. Namely, according to the struc-
ture of this embodiment, the configuration of the delay adjust-
ment memory control circuits in the stages later than the
second stage can be simplified. The basic operation is the
same as having been described.

[0116] The reading signals 119-A and 119-B which are
respectively supplied to the two delay adjustment modules in
the (M-1)" stage connected to the delay adjustment module
in the M” stage, are supplied to the delay adjustment memory
control circuit 120. The delay adjustment memory control
circuit 120 controls switching of the respective signals by the
circuit connecting unit (multiplexers 4, 5, and 6) of the delay
adjustment module in the M? stage, according to the reading
signals (FIG. 17). Further, according to these reading signals,
it controls the timing of writing and reading the ultrasonic
receiving signal into and from the delay adjustment memory
of the delay adjustment module in the M stage (FIG. 17).
FIG. 17 is a view showing how the delay adjustment memory
control circuit 120 is connected to the delay adjustment mod-
ule 11.

[0117] FIG. 18 is used to hereinafter describe the detailed
operation of the ultrasonic receiving beam forming apparatus
73 according to the fifth embodiment. The description about
the same operation as that of the fourth embodiment, is omit-
ted.

[0118] FIG. 18 isaview showing how the delay adjustment
memory control circuits 110 and 120 are connected to the
ultrasonic receiving beam forming units 730 in a multi-stage
structure (FIG. 18 does notillustrate the weighting coefficient
supplying circuit 100). The respective delay adjustment
memory control circuits 110-1 to 110-8 are arranged as for the
respective ultrasonic receiving beam forming apparatuses
12-1 to 12-8 (for two channels). Further, the respective delay
adjustment memory control circuits 120-1 to 120-7 are
arranged as for the delay adjustment modules 11-1 to 11-7.

[0119] In the delay adjustment module 11-1, the outputs
from the ultrasonic receiving beam forming apparatuses 12-1
and 12-2 are phased and added.

[0120] The reading signals 119-1 and 119-2 supplied from
the delay adjustment memory control circuits 110-1 and
110-2 are supplied to the delay adjustment memory control
circuit 120-1 corresponding to the delay adjustment module
11-1.

[0121] The NA-NB order comparing circuit 1150 deter-
mines which of the two delay adjustment modules in the
(M-1)" stage the signal “H” is first supplied to. It controls
switching of the respective signals by the circuit connecting
units (multiplexers 4, 5, and 6) of the delay adjustment mod-
ule in the M™ stage, according to the determination result.
[0122] Specifically, the NA-NB order comparing circuit
1150 determines which of the reading signals 119-1 and
119-2 gets “H” first. By using the determination result, it
creates and supplies the MUX select signal 118-9 (not illus-
trated). According to the structure, it is possible to switch the
connection of the respective signals by the circuit connecting
units smoothly.



US 2010/0036251 Al

[0123] For example, when the reading signal 119-1 gets
“H” earlier than the reading signal 119-2, the phasing addi-
tion result (ultrasonic receiving data) of the ultrasonic receiv-
ing beam forming apparatus 12-1 is connected to the delay
adjustment memory 4-9. Further, the output from the ultra-
sonic receiving beam forming apparatus 12-2 is connected to
the adder 13-1. The delay memory 4-9 is connected to the
adder 13-1.

[0124] The OR circuit 1140 instructs writing of the ultra-
sonic receiving signal into the delay adjustment memory of
the delay adjustment module in the M“ stage at the timing
when the reading signal “H” is supplied to at least one of the
two delay adjustment, modules in the (M—1)” stage.

[0125] Specifically, the OR circuit 1140 supplies the OR
result of the reading signals 119-1 and 119-2 as the writing
signal 117-9 (not illustrated). Namely, at the timing when one
of the reading signals 119-1 and 119-2 gets “H”, the writing
signal 117-9 gets “H”. According to the structure, it is pos-
sible to write the ultrasonic receiving signal into the delay
adjustment memory of the delay adjustment module in the
M? stage smoothly.

[0126] For example, when the reading signal 119-1 gets
“H” earlier than the reading signal 119-2, the phasing addi-
tionresult of the ultrasonic receiving beam forming apparatus
12-1 is written in the delay adjustment memory 4-9 at the
timing when the reading signal 119-1 gets “H”.

[0127] The multiplexer 1160 instructs reading of the ultra-
sonic receiving signal from the delay adjustment memory of
the delay adjustment module in the M” stage at the later one
of the timings when the reading signals “H” are supplied to
the two delay adjustment modules in the (M-1)” stage.
[0128] Specifically, according to the MUX select signal
118-9, the multiplexer 1160 supplies that one getting “H”
later, of the reading signals 119-1 and 119-2, as the reading
signal 119-9. According to the structure, it is possible to read
the ultrasonic receiving signal from the delay adjustment
memory of the delay adjustment module in the M” stage
smoothly.

[0129] For example, when the reading signal 119-1 gets
“H” earlier than the reading signal 119-2, the phasing addi-
tionresult of the ultrasonic receiving beam forming apparatus
12-1 written in the delay adjustment memory 4-9 is read out
at the timing when the reading signal 119-2 gets “H”.
[0130] The phasing addition result from the ultrasonic
receiving beam forming apparatus 12-1 and the phasing addi-
tion result from the ultrasonic receiving beam forming appa-
ratus 12-2 are simultaneously supplied to the adder 13-1 and
added there.

[0131] According to the above processing, the phasing
addition of the Chl to Ch4 is performed.

[0132] Thedelay adjustment modules 11-2 to 11-4 are con-
trolled in the similar way as the above-mentioned delay
adjustment module 11-1; therefore, the description is omitted
(the delay adjustment memory control circuits 120-2 to 120-4
control them according to the reading signals 119-3 t0 119-8).
The phasing addition results of the delay adjustment modules
11-1 to 11-4 are passed to the delay adjustment modules 11-5
and 11-6.

[0133] The timings of writing and reading signals into and
from the delay adjustment memories of the delay adjustment
modules 11-5 and 11-6 are respectively controlled by the
delay adjustment memory control circuits 120-5 and 120-6.
Specifically, the timing of writing and reading a signal into
and from the delay adjustment memory of the delay adjust-
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ment module 11-5 is controlled according to the reading
signals 119-9 and 119-10 from the delay adjustment memory
control circuits 120-1 and 120-2. The timing of writing and
reading a signal into and from the delay adjustment memory
of the delay adjustment module 11-6 is controlled according
to the reading signals 119-11 and 119-12 from the delay
adjustment memory control circuits 120-3 and 120-4.
[0134] The timing of writing and reading a signal into and
from the delay adjustment memory of the delay adjustment
module 11-7 is controlled by the delay adjustment memory
control circuit 120-7, according to the reading signals 119-13
and 119-14 from the delay adjustment memory control cir-
cuits 120-5 and 120-6.

[0135] According to the above operation, the phasing addi-
tion is performed in the ultrasonic receiving beam forming
apparatus 73.

[0136] Next, the configuration of the NA-NB order com-
paring circuit 115 will be described using FIG. 19.

[0137] The NA-NB order comparing circuit 115 includes
registers 130-1 and 130-2, and inverter circuits 131-1 and
131-2. The MUX select signal 118 of the delay adjustment
memory control circuit 110 is supplied from the OUT termi-
nal of the drawing. The configuration of the NA-NB order
comparing circuit 1150 is the same as that of the NA-NB
order comparing circuit 115; therefore, the description is
omitted (where, as mentioned above, the NA-NB order com-
paring circuit 115 and the NA-NB order comparing circuit
1150 have different input signals).

[0138] The detailed operation of the NA-NB order compar-
ing circuit 115 will be described. According to the RESET
signal, the outputs of the registers 130-1 and 130-2 become
the initial output “L”. After starting the ultrasonic receiving
processing, when the comparison result signal 132 (NA) turns
into “H” from “L” earlier than the comparison result signal
133 (NB) by one clock or more, the output of the register
130-1 becomes “H”. A little later than that, the CE (clock
enable) of the register 130-2 becomes “L.” according to the
function of the inverter circuit 131-2. Thus, until the next
RESET signal is supplied, the output of the register 130-1 is
fixed at “H” and the output of the register 130-2 is fixed at “L.”".
The output of the register 130-1 is supplied from the OUT
terminal; when the NA 132 turns into “H” from “L” earlier
than the MB 133, “H” is supplied as the MUX select signal
118.

[0139] After the ultrasonic receiving phase starts, when the
NB 133 turns into “H” from “L” earlier than the NA 132 by
one clock or more, the output of the register 130-2 becomes
“H”. A little later than that, the CE of the register 130-1
becomes “L” according to the function of the inverter circuit
131-1. Thus, the output of the register 130-2 is fixed at “H”
and the output of the register 130-1 is fixed at “L” until the
next RESET signal is supplied. Namely, when the NB 133
turns into “H” from “L” earlier than the NA 132, “L” is
supplied as the MUX select signal 118.

[0140] Further, after the ultrasonic receiving phase starts,
when the NA 132 and the NB 133 turn “H” from “L” at the
same time, the outputs of the registers 130-1 and 130-2
become “H” at the same time. A little later than that, the CEs
oftheregisters 130-1 and 130-2 becomes “L.” according to the
functions of the inverter circuits 131-1 and 131-2. According
to this, the outputs of the registers 130-1 and 130-2 are fixed
at “H” until the next RESET signal is supplied.

[0141] The configuration of the NA-NB order comparing
circuit 115 is not limited to the above configuration. For



US 2010/0036251 Al
10

example, when the NA 132 turns into “H” earlier than the NB
133, it may supply “L” as the MUX select signal 118 and
when the NB 133 turns into “H” earlier than the NA 132, it
may supply “H” as the MUX select signal 118.

[0142] The configuration of the delay adjustment memory
control circuits 77, 110, and 120 is changeable according to
the type of the delay adjustment memory 4.

[0143] The delay amount information may be supplied not
from the control CPU 79 but from an external control CPU
outside the ultrasonic image creating system 70 or a storing
medium, or it may be calculated by an internal calculation
circuit within the ultrasonic image creating system 70. It may
be calculated by the internal calculation circuit within the
ultrasonic image creating system 70, based on the data sup-
plied from the control CPU 79, the external control CPU
outside the ultrasonic image creating system 70, or the storing
medium.

[0144] As mentioned above, the preferred embodiments of
the invention have been described; however, the above
embodiments have been illustrated just as an example and not
to limit the scope of the invention.

[0145] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
[0146] This application claims the benefit of Japanese
Patent Application No. 2008-206831, filed on Aug. 11, 2008,
and Japanese Patent Application No. 2009-155824, filed on
Jun. 30, 2009, which are hereby incorporated by reference
herein in their entirety.

What is claimed is:

1. A delay adjustment module for receiving two ultrasonic
receiving signals and adjusting a time lag between the signals,
comprising:

a storing unit for absorbing the time lag between the sig-

nals, and

a circuit connecting unit which switches a connection of

the respective signals to a subsequent-stage circuit by
comparing delay time of the two signals, wherein

the storing unit is shared by two signal processing chan-

nels, and

the circuit connecting unit switches a connection so that

one signal having a smaller delay of the two signals is
output through the storing unit and the other signal hav-
ing a larger delay is output directly.

2. A delay adjustment module according to claim 1,
wherein

the storing unit has a capacity capable of storing an ultra-

sonic receiving signal corresponding to a maximum dif-
ference of delay time between the two signals.

3. A delay adjustment module for receiving N (N is integer
of3 or more) ultrasonic receiving signals and adjusting a time
lag among the signals, comprising:

a storing unit for absorbing the time lag among the signals,

and

a circuit connecting unit which switches a connection of

the respective signals to a subsequent-stage circuit by
comparing delay time of the signals, wherein

there are N-1 pieces of the storing units, and

the circuit connecting unit switches a connection depend-

ing on the delay time of each of the signals so that the
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signal is output through the storing unit corresponding to
the delay time thereof or output directly.
4. A delay adjustment module according to claim 3,
wherein
the N-1 storing units respectively have a capacity capable
of storing an ultrasonic receiving signal corresponding
to a maximum difference of delay time among 2 to N
signals.
5. A delay adjustment, module according to claim 1,
wherein
the storing unit is any one of a FIFO memory, a random
access memory of single port, and a random access
memory of dual port.
6. A delay adjustment module according to claim 3,
wherein
the storing unit is any one of a FIFO memory, a random
access memory of single port, and a random access
memory of dual port.
7. An ultrasonic receiving beam forming apparatus com-
prising:
the delay adjustment module according to claim 1, and
an adding unit which adds the ultrasonic receiving signals
after the time lag between the signals is adjusted by the
delay adjustment module.
8. An ultrasonic receiving beam forming apparatus com-
prising:
the delay adjustment module according to claim 3, and
an adding unit which adds the ultrasonic receiving signals
after the time lag between the signals is adjusted by the
delay adjustment module.
9. An ultrasonic receiving beam forming apparatus accord-
ing to claim 7, comprising
a multiplying unit which assigns weight to the output from
the delay adjustment module.
10. An ultrasonic receiving beam forming apparatus
according to claim 1, wherein
the delay adjustment modules and the adding units are
formed in a multi-stage structure.
11. An ultrasonic receiving beam forming apparatus
according to claim 10, further comprising
a multiplying unit which assigns weight to the output from
the delay adjustment module in a first stage.
12. An ultrasonic receiving beam forming apparatus
according to claim 7, wherein
multiple beams are formed by processing at an operation
frequency several times more than a sampling fre-
quency.
13. An ultrasonic receiving beam forming apparatus
according to claim 7, further comprising
a control unit which controls a timing of writing and read-
ing of the ultrasonic receiving signal into and from the
storing unit.
14. An ultrasonic receiving beam forming apparatus
according to claim 13, wherein
the delay adjustment module is a delay adjustment module
for receiving two ultrasonic receiving signals and adjust-
ing a time lag between the signals, and
the control unit controls the circuit connecting unit to
switch a connection of the respective signals, based on
comparison result of the delay times of the signals and an
elapsed time from transmission of an ultrasonic, and
controls the timing of writing and reading of the ultra-
sonic receiving signal into and from the storing unit.
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15. An ultrasonic receiving beam, forming apparatus
according to claim 14, wherein
the control unit instructs writing of the ultrasonic receiving
signal into the storing unit at a timing when at least one
delay time of the two ultrasonic receiving signals corre-
sponds with the elapsed time.

16. An ultrasonic receiving beam forming apparatus
according to claim 14, wherein

the control unit instructs reading of the ultrasonic receiving
signal from the storing unit at a later timing, of the two
timings when the respective delay times of the two ultra-
sonic receiving signals correspond with the elapsed
time.

17. An ultrasonic receiving beam forming apparatus
according to claim 14, wherein

the delay adjustment modules and the adding units are
formed in a multi-stage structure, and

the control unit controls the circuit connecting unit of the
delay adjustment module in an M” (M is integer of 2 or
more) stage to switch a connection of the respective
signals, based on a control signal for instructing reading
ofthe ultrasonic receiving signals which are respectively
supplied to the two delay adjustment modules in (M-1)
# stage connected to the delay adjustment module in the
M stage, and controls a timing of writing and reading of
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the ultrasonic receiving signal into and from the storing
unit of the delay adjustment module in the M stage.
18. An ultrasonic receiving beam forming apparatus
according to claim 17, wherein
the control unit instructs writing of the ultrasonic receiving
signal into the storing unit of the delay adjustment mod-
ule in the M stage at a timing when the contro] signal is
supplied to at least one of the two delay adjustment
modules in the (M-1)" stage.
19. An ultrasonic receiving beam forming apparatus
according to claim 17, wherein
the control unit determines which of the two delay adjust-
ment modules in the (M-1)" stage the control signal is
first supplied to, and controls the circuit connecting unit
of the delay adjustment module in the M” stage to
switch a connection of the respective signals, using the
determination result.
20. An ultrasonic receiving beam forming apparatus
according to claim 17, wherein
the control unit instructs reading of the ultrasonic receiving
signal from the storing unit of the delay adjustment
module in the M” stage at a later timing, of the two
timings when the control signals are supplied respec-
tively to the two delay adjustment modules in the (M-1)
* stage.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RHEA
IPCH %S
CPCH¥S

L 5E

S EREESE

BEG®)

HERARGFHBAMNMSLEBELE  ERARFMHFEEHER
MESHEBENERN AR N —MESHEBEFNES , Z—1
EEAEBEFNE —MESERETLTERBAREFHEBNERT ,

FFEARWIER Y E B R A REITE R T, ATRITERE BIRBUR R

AL E

HER B EGR A R EBUR R R EKE

US20100036251A1

US12/537726

ERERA a4t

FRERA 24t

FRERA 24t

BABA YOSHITAKA

BABA, YOSHITAKA

A61B8/14 GO1V13/00

G10K11/346

2008206834 2008-08-11 JP
2009155824 2009-06-30 JP

Espacenet

patsnap

AFF (AR 2010-02-11
HiEH 2009-08-07
1l
5
I : Q7
o l—J\ 4 "N
/63-—'
Ch2
o) _
) §
6



https://share-analytics.zhihuiya.com/view/262fa965-840d-47df-9bad-c2692095abb8
https://worldwide.espacenet.com/patent/search/family/041653573/publication/US2010036251A1?q=US2010036251A1
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=%2220100036251%22.PGNR.&OS=DN/20100036251&RS=DN/20100036251

