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(57) ABSTRACT

A technology for providing a small and inexpensive ultra-
sonic diagnostic apparatus which does not need a high
resolution A/D converter, and has high sensitivity and a wide
dynamic range is disclosed. According to the technology, an
ultrasonic transducer unit 1 for transmitting and receiving
ultrasonic wave is driven by a drive circuit 2 for generating
a pulse signal. An echo signal received by the ultrasonic

(21)  Appl. No.: 11/569,828 transducer unit is inputted to an analog low frequency band
o attenuator 3 which attenuates a low frequency band com-
(22) PCT Filed: Jun. 1, 2005 ponent. An output signal of the analog low frequency band
(86) PCT No.: PCT/JP05/10082 attenuator is inputted to an A/D converter 4 which converts
h the signal to a digital signal. The converted and outputted
§ 371(c)(1) digital signal is inputted to a digital correction filter 5 which
Q). (4 Dat,e: May 7, 2007 intensifies the low frequency band component attenuated by
’ the analog low frequency band attenuator and outputs a
(30) Foreign Application Priority Data digital signal having a frequency distribution almost equal to
that of the echo signal received by the ultrasonic transducer
Jun. 2, 2004 (JP) cooemeccececcccne 2004-164862 unit.
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ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus which transmits an ultrasonic pulse to a
living body, synthesizes a receiving signal of reflection wave
from the living body, and thereby obtains an ultrasonic
tomogram.

BACKGROUND ART

[0002] Inthe past, ultrasonic diagnostic apparatuses which
give a drive pulse from a drive circuit to an ultrasonic
transducer unit, transmit ultrasonic wave from the ultrasonic
transducer unit to a target region, receive an echo signal
from the target region by the ultrasonic transducer unit,
perform processing such as amplification, addition, and
logarithmic compression to obtain image data, transmit the
image data to a monitor, and thereby display a desired
diagnostic image on the monitor have been disclosed (for
example, refer to the following Patent Document 1).

[0003] Further, ultrasonic signal processing apparatuses
which, in processing an echo signal, convert an analog
receiving signal received by an ultrasonic transducer unit to
a digital signal, multiply the digital signal by a reference
signal in a given frequency, and thereby convert an signal
waveform thereof have been disclosed (for example, refer to
the following Patent Document 2). Furthermore, ultrasonic
diagnostic apparatuses which convert an analog receiving
signal to a digital signal, synthesize the obtained digital data,
and thereby obtain an ultrasonic tomogram have been dis-
closed (for example, refer to the following Patent Document
3).

[0004] FIG. 6 is a block diagram showing a schematic
structure of an ultrasonic wave transmitting/receiving sec-
tion and a signal conversion section in the foregoing ultra-
sonic signal processing apparatus and the foregoing ultra-
sonic diagnostic apparatus which convert an analog
receiving signal to a digital signal. The transmitting/receiv-
ing section and the signal conversion section include an
ultrasonic transducer unit 1 for transmitting ultrasonic wave
and receiving an echo signal, a drive circuit 2 for transmit-
ting a drive pulse to the ultrasonic transducer unit 1 accord-
ing to a trigger signal, and an A/D converter 4 for converting
the echo signal received by the ultrasonic transducer unit 1
to a digital signal and outputting the resultant signal.

[0005] In this case, the echo signal received by the ultra-
sonic transducer unit 1 is a large amplitude signal in a
superficial part and is a weak signal in a deep part. In result,
in some cases, a resolution (bit number) of the A/D converter
4 falls short (bit number is small). Therefore, in actual
ultrasonic diagnostic apparatuses, an unshown preamplifier
and an unshown variable gain amplifier (VCA) are con-
nected between the ultrasonic transducer unit 1 and the A/D
converter 4. Thereby, the amplitude of the echo signal is
controlled, a dynamic range thereof is decreased, and then a
resultant signal is inputted to the A/D converter 4.

Patent Document 1: Japanese Patent Application Publication
No. 6-154210 (paragraph 0011, FIG. 1)

Patent Document 2: Japanese Patent Application Publication
No. 6-313764 (paragraph 0008, FIG. 1)
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Patent Document 3: Japanese Patent Application Publication
No. 7-171152 (paragraph 0023, FIG. 1)

[0006] However, in the foregoing ultrasonic signal pro-
cessing apparatus and the foregoing ultrasonic diagnostic
apparatus, immediately after the drive circuit 2 transmits a
large amplitude pulse to drive the ultrasonic transducer unit
1, ringing having a low frequency component is caused by
influences of an piezoelectric device and a cable which
compose the ultrasonic transducer unit 1. In result, as shown
in FIG. 7, ringing of a large amplitude pulse is overlaid on
an echo signal of a superficial part obtained immediately
after driven by a transmission pulse. Therefore, to suffi-
ciently input the echo signal of the superficial part to the A/D
converter 4 within the input upper/lower limit range indi-
cated by an arrow, it is necessary to use the A/D converter
4 with a large bit number so that gain is lowered in the
superficial part. However, the resolution of the A/D con-
verter capable of being practically realized inexpensively is
about 12 bits. By using such an A/D converter, only a
dynamic range of about 60 dB can be handled. Further, a
gain variable range of a variable gain amplifier is about 40
to 60 dB. Therefore, for example, to handle an echo signal
on which ringing of 120 dB is overlaid, the bit number falls
short. The foregoing ultrasonic signal processing apparatus
and the foregoing ultrasonic diagnostic apparatus have been
developed to resolve such a problem. However, in the
foregoing ultrasonic signal processing apparatus and the
foregoing ultrasonic diagnostic apparatus, there have been
problems that the structure becomes complex, and the appa-
ratus becomes large and expensive.

DISCLOSURE OF THE INVENTION

[0007] In order to solve the above problems of the fore-
going existing apparatuses, it is an object of the invention to
provide a small and inexpensive ultrasonic diagnostic appa-
ratus which does not need a high resolution A/D converter,
and has high sensitivity and a wide dynamic range.

[0008] To attain the foregoing object, in the invention
according to claim 1, the ultrasonic diagnostic apparatus is
structured as follows. An ultrasonic transducer unit for
transmitting and receiving ultrasonic wave is driven by a
drive circuit for generating a pulse signal. An echo signal
received by the ultrasonic transducer unit is inputted to an
analog low frequency band attenuator which attenuates a
low frequency band component. An output signal of the
analog low frequency band attenuator is inputted to an A/D
converter which converts the signal to a digital signal. The
converted and outputted digital signal is inputted to a digital
correction filter which intensifies the low frequency band
component attenuvated by the analog low frequency band
attenuator and outputs a digital signal having a frequency
distribution almost equal to that of the echo signal received
by the ultrasonic transducer unit.

[0009] By the foregoing structure, a small and inexpensive
ultrasonic diagnostic apparatus which does not need a high
resolution A/D converter, and has high sensitivity and a wide
dynamic range can be provided.

[0010] Inthe invention according to claim 2, the ultrasonic
diagnostic apparatus is structured as follows. In the analog
low frequency band attenuator, the echo signal received by
the ultrasonic transducer unit is amplified by a preamplifier,
the low frequency band component is attenuated by a low
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frequency band attenuating filter, and then an attenuated
portion of the echo signal is corrected by a variable gain
amplifier.

[0011] By the foregoing structure, in A/D converting the
echo signal, it is possible that a ringing component in the low
frequency band is removed to decrease the dynamic range of
the signal, and a resultant signal is inputted to the A/D
converter.

[0012] According to the invention, a small and inexpen-
sive ultrasonic diagnostic apparatus which does not need a
high resolution A/D converter, and has high sensitivity and
a wide dynamic range can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a block diagram showing a schematic
structure of an ultrasonic wave transmitting/receiving sec-
tion and a signal conversion section in an embodiment of an
ultrasonic diagnostic apparatus according to the invention;

[0014] FIG. 2 is a block diagram showing a detailed
structure of an analog low frequency band attenuator com-
posing the embodiment of the invention;

[0015] FIG. 3 is a diagram showing an echo signal wave-
form added to an A/D converter for explaining operations of
the embodiment of the invention;

[0016] FIG. 4A is a diagram showing frequency charac-
teristics of a low frequency band attenuating filter for
explaining operations of the embodiment of the invention;

[0017] FIG. 4B is a diagram showing frequency charac-
teristics of a digital correction filter for explaining opera-
tions of the embodiment of the invention;

[0018] FIG. 5A is a diagram showing an example of a
frequency distribution of an echo signal received by an
ultrasonic transducer unit as an input to a low frequency
band attenuator for explaining operations of the embodiment
of the invention;

[0019] FIG. 5B is a diagram showing an example of a
frequency distribution of an echo signal which has passed an
analog low frequency band attenuator as an output of the low
frequency band attenuator for explaining operations of the
embodiment of the invention;

[0020] FIG. 5C is a diagram showing an example of a
frequency distribution of an echo signal with a low fre-
quency band component intensified by the digital correction
filter as an output of the digital correction filter for explain-
ing operations of the embodiment of the invention;

[0021] FIG. 5D is a diagram showing a signal waveform
of an echo signal received by the ultrasonic transducer unit
for explaining operations of the embodiment of the inven-
tion;

[0022] FIG. 5E is a diagram showing a signal waveform of
an echo signal which has passed the analog low frequency
band attenuator for explaining operations of the embodiment
of the invention;

[0023] FIG. 5F is a diagram showing a signal waveform of
an echo signal with a low frequency band component
intensified by the digital correction filter for explaining
operations of the embodiment of the invention;
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[0024] FIG. 6 is a block diagram showing a schematic
structure of an ultrasonic wave transmitting/receiving sec-
tion and a signal conversion section in an existing ultrasonic
signal processing apparatus and an existing ultrasonic diag-
nostic apparatus; and

[0025] FIG. 7 is a diagram showing an echo signal wave-
form added to an A/D converter for explaining operations of
the existing ultrasonic signal processing apparatus and the
existing ultrasonic diagnostic apparatus.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0026] A description will be hereinafter given of the
invention in detail based on a preferred embodiment shown
in the drawings.

[0027] FIG. 1 is a block diagram showing a schematic
structure of an ultrasonic wave transmitting/receiving sec-
tion and a signal conversion section in this embodiment of
an ultrasonic diagnostic apparatus according to the inven-
tion. The transmitting/receiving section and the signal con-
version section include an ultrasonic transducer unit 1 for
transmitting ultrasonic wave and receiving an echo signal, a
drive circuit 2 for transmitting a drive pulse to the ultrasonic
transducer unit 1 according to a trigger signal, an analog low
frequency band attenuator 3 to which the echo signal
received by the ultrasonic transducer unit 1 is inputted and
which attenuates a low frequency band component and
outputs a resultant signal, an A/D converter 4 to which the
echo signal which has passed the analog low frequency band
attenuator 3 is inputted and which A/D converts the echo
signal and outputs a resultant signal, and a digital correction
filter 5 for intensifying frequency characteristics opposite of
those of the analog low frequency band attenuator 3, that is,
intensifying the low frequency band component, restoring
the echo signal to an echo signal having frequency spectrum
distribution characteristics with a flat shape from the low
frequency band to the high frequency band of the echo
signal, and outputting the resultant signal.

[0028] FIG. 2 is a block diagram showing a detailed
structure of the analog low frequency band attenuator 3. The
analog low frequency band attenuator 3 includes a pream-
plifier 31 for amplifying the echo signal received by the
ultrasonic transducer unit 1, a low frequency band attenu-
ating filter 32 to which the echo signal amplified by the
preamplifier 31 is inputted and which attenuates the low
frequency band component and outputs a resultant signal,
and a variable gain amplifier 33 for inputting the echo signal
outputted from the low frequency band attenuating filter 32,
correcting an attenuated portion of the echo signal according
to transmission time, and outputting a resultant signal.

[0029] A description will be hereinafter given of opera-
tions of this embodiment of the invention which is structured
as above with reference to FIG. 3 to FIG. 5.

[0030] When the drive circuit 2 drives the ultrasonic
transducer unit 1 by a large amplitude pulse, as shown in
FIG. 7 used for explaining the existing apparatuses, an echo
signal on which ringing is overlaid is added to the analog
low frequency band attenuator 3. Since the analog low
frequency band attenuator 3 includes the low frequency
band attenuating filter 32, the ringing having a low fre-
quency component shown in FIG. 7 is removed. Thus, as
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shown in FIG. 3, an echo signal falling within the upper/
lower limit range of A/D conversion input is inputted to the
A/D converter 4. The echo signal is converted to a digital
signal by the A/D converter 4, and the resultant signal is
added to the digital correction filter 5. The digital correction
filter 5 intensifies the low frequency band component attenu-
ated by the low frequency band attenuating filter 32, and
outputs a resultant signal. Thereby, a digital echo signal
waveform having the same frequency distribution as that of
a waveform of the signal inputted to the analog low fre-
quency band attenuator 3 can be obtained.

[0031] In this case, in the analog low frequency band
attenuator 3, the echo signal received by the ultrasonic
transducer unit 1 is amplified by the preamplifier 31, the low
frequency band component is attenuated by the low fre-
quency band attenuating filter 32, and then an attenuated
portion of the echo signal is corrected according to trans-
mission time by the variable gain amplifier 33.

[0032] FIG. 4A is a diagram showing frequency charac-
teristics of the low frequency band attenuating filter 32, that
is, a relation between frequencies and gains. As indicated by
curved line P, it shows that almost constant low gain is kept
in the low frequency band, the gain is increased at a given
change ratio in the intermediate frequency band, and almost
constant high gain is kept in the high frequency band. FIG.
4B is a diagram showing frequency characteristics of the
digital correction filter 5, that is, a relation between frequen-
cies and gains. As indicated by curved line Q, it shows that
almost constant high gain is kept in the low frequency band,
the gain is decreased at a given change ratio in the inter-
mediate frequency band, and almost constant low gain is
kept in the high frequency band. That is, the digital correc-
tion filter 5 functions as an opposite filter in relation to the
low frequency band attenuating filter 32.

[0033] FIG. 5A shows an example of a frequency distri-
bution of an echo signal received by the ultrasonic trans-
ducer unit 1. The distribution is indicated by curved line R.
When the echo signal passes the analog low frequency band
attenuator 3, as shown in FIG. 5B, a low frequency band
component is decreased, and the foregoing distribution is
changed to the distribution as indicated by curved line S.
After that, by intensifying the low frequency band compo-
nent by the digital correction filter 5, as shown in FIG. 5C,
the low frequency band component is compensated, and the
foregoing distribution is restored to the original frequency
distribution as indicated by curved line T. Therefore, while
the signal waveform shown in FIG. 5D is deformed to the
signal waveform as shown in FIG. 5E by the analog low
frequency band attenuator 3, the deformed signal waveform
is restored to the original signal waveform as shown in FIG.
5F when outputted from the digital correction filter 5.

[0034] In an actual ultrasonic diagnostic apparatus, as
described above, a preamplifier and a variable gain amplifier
are provided between the ultrasonic transducer unit 1 and the
A/D converter 4. Meanwhile, in this embodiment, the
preamplifier 31, the low frequency band attenuating filter 32,
and the variable gain amplifier 33 are sequentially connected
in the analog low frequency band attenuator 3. Thereby, a
favorable S/N ratio can be secured. Further, for a signal after
a low frequency band component is attenuated, the dynamic
range is decreased. Therefore, the following advantage can
be obtained. That is, a gain variable range of the variable
range amplifier 33 can be small compared to a signal in the
case that the low frequency band component is not attenu-
ated.
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[0035] As above, according to this embodiment, an echo
signal on which a large amplitude pulse is overlaid passes
the analog low frequency band attenuator 3. Thereby, it is
possible that a ringing component in the low frequency band
is removed, the dynamic range of the signal is decreased,
and a resultant signal is inputted to the A/D converter 4.

[0036] Further, according to this embodiment, a low fre-
quency band component of an echo signal of digital data
which has previously passed the A/D converter 4 is inten-
sified by the digital correction filter 5. Thereby, it is possible
that the influence of the analog low frequency band attenu-
ator 3 is balanced out and the relevant waveform of the echo
signal is restored to the original waveform of the echo
signal. In addition, echo signal information of a superficial
part can be inputted to the A/D converter 4 without being
saturated. Therefore, by using a low resolution A/D con-
verter and a variable gain amplifier, a small and inexpensive
ultrasonic diagnostic apparatus with superior image infor-
mation output of a superficial part can be provided.

INDUSTRIAL APPLICABILITY

[0037] Since the invention is structured as above, the
ultrasonic diagnostic apparatus of the invention is useful in
the technical field for obtaining an ultrasonic tomogram of
a test body.

1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic transducer unit for transmitting and receiv-
ing ultrasonic wave;

a drive circuit for generating a pulse signal to drive the
ultrasonic transducer unit;

an analog low frequency band attenuator for attenuating a
low frequency band component of an echo signal
received by the ultrasonic transducer unit, and output-
ting a resultant signal;

an A/D converter for A/D converting the output signal of
the analog low frequency band attenuator, and output-
ting a resultant signal; and

a digital correction filter for intensifying the low fre-
quency band component attenuated by the analog low
frequency band attenuator of the digital signal which is
converted by the A/D converter and outputted there-
from, and outputting a digital signal having a frequency
distribution almost equal to that of the echo signal.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein the analog low frequency band attenuator com-
prises:

a preamplifier for amplifying the echo signal received by
the ultrasonic transducer unit;

a low frequency band attenuating filter for inputting the
echo signal amplified by the preamplifier, attenuating
the low frequency band component, and outputting a
resultant signal; and

a variable gain amplifier for inputting the echo signal
outputted from the low frequency band attenuating
filter, correcting an attenuated portion of the echo
signal according to transmission time, and outputting a
resultant signal.
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